APPLIED MATHEMATICS 




APPLIED 



James F. Johnson, M.A. 


Late Principal, Essex County Boys' Vocational School 
Newark, New Jersey 


THE BRUCE PUBLISHING COMPANY 


MILWAUKEE 



Copyright, 1939 

The Bkuce Puwjsiiing Company 
Primed in the United States of Amerit- 
(Eighth Printing--1946) 




The following notes have been arranged in an effort to meet 
the needs for a text involving practical application of elemen¬ 
tary mathematics to the common everyday problems in busi¬ 
ness matters, industrial activities, manufacturing, and trade 
work. They relate, primarily to fractions, decimals, money, 
percentage, linear measure, hoard measure, square measure, 
cubic measure, determining quantities, making estimates, and 
a wide variety of calculations involving the use of shop formulas. 

Its practical nature with its informational value marks it as 
being different from most texts of this kind, making it suitable 
for Junior and Senior High Schools, Vocational Schools, Trade 
Schools, and Apprenticeship Courses. It is also very well 
adapted for ovening-srhool use and for home study. 

The instructional material and the 1100 and more problems 
meet full requirements for elementary mathematics in the 
building-trades branches, including carpentry, cabinetmaking, 
lathing, plastering, painting, paperhanging, sheet-metal work, 
brick, mason, and concrete work; the printing trades; the 
machinist and toolmaking trades; the auto-mechanics trades; 
and the general factory type of work. The draftsmen and the 
technical branches of industry will also find it of much help to 
them in the solution of the many problems that confront them 
daily, 

The text is divided into suitable units of instruction followed 
by the answers that relate to the problems in each unit. As 
a check upon the student's ability the instructor is provided 
with selected review problems. 

The several hundred illustrations, sketches, and drawings 
throughout the text are so arranged that the student may 
receive a gradual training in the interpretation and under¬ 
standing of shop sketches and working drawings. 

Selected references and shop formulas are compiled at the 
end of the book for use in the solution of the problems involving 
shop formulas. 
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PREFACE 


TO THE TEACHER 

Attention of the teacher is directed to the selection of in¬ 
structional material, the large number of illustrated examples 
and the completeness of the explanations; to the arrangement < it 
this material upon a unit basis, together with the answers to 
the problems that relate to each unit; to the selected review 
problems for checking and examination; to tin* gradual develop¬ 
ment of an understanding and use of shop sketches and work¬ 
ing drawings; to the many reference tables and shop formulas 
and to the general guidances, suggestions that: arc ever present 
in the trade information and the problems. 

The teacher should encourage the student to use the refer¬ 
ence tables in solving the problems relating to shop formulas 
much as he would use a handbook, and to make simple simp 
sketches to use in connection with his calculations. These 
practices are of great value to the student. It: would be well 
also to encourage him to preserve the complete solution of 
his problems in a suitable notebook for future reference, as 
there is every probability that he will use some of these later 
on when he goes to work. 

In the preparation and arrangement of this text the author 
has been fortunate in having valuable, assistance and advice 
from many sources including business, industry, skilled trades¬ 
men, and educators. He fully realizes that without: such help 
it would be difficult to provide this complete (ext . 

He gratefully acknowledges trade information, reference 
tables, formulas, sketches, drawings, photographs, charts, and 
practical suggestions from the following: 

Mr. William Honeman, Newark, N. J.; Sears Roebuck (*u,, 
Chicago, Ill.; Newark Star Eagle, Newark, N. J.; Crunk (had 
and Sons, Architect and Engineers, Newark, N. ].; John II. 
and Wilson C. Ely, Architects, Newark, N. J.; Red Shingle 
Bureau, Seattle, Wash.; Richardson Co., Melrose Park, 111.; 
Boston Gear Works, Boston, Mass.; American Type Founders 
Co., Elizabeth, N. J.; Morse Chain Co., Ithaca, N. V.; Link 
Belt Machinery Co., Indianapolis, Ind.; Lackawanna Rail 
road Co., Hoboken, N. J.;The Rubbeioid Co., New York City; 
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South Bond Lathe Co., South Bend, Ind.; Bantam Bearing 
Corp., South Bend, Ind.; Corbin Screw Co., New Britain, 
C'nnn.; Dierendorf Gear Works, Syracuse, N. Y.; National 
Lead Co,, New York City; Eagle Pieher Co., Cincinnati, Ohio; 
and the S. K. F. Industries, New York City; Johns-Mansville 
Co., New York City. 

He appreciates the assistance of Mr. Henry Regan, Indus¬ 
trial-Arts Department, Newark City Schools and the. assist¬ 
ance rendered by the following teachers of the Essex County 
Boys' Vocational School, Newark, N. J.: Mr. Henry II, 
Albrecht, Mr. Fred Ermold, Mr. Alfred M. Fox, and Mr. 
George; W. Morganrolh, He is grateful also for the fine assist¬ 
ance given by Mr. Rudolf Skrivanek, Assistant. Principal of the 
Essex County Bovs' Vocational School at Newark in making 
most, of the photographs that illustrate the problems in this 
hook. 

Special appreciation is hen; given Mr. Robert 0. Beebe, 
Director of the Essex County Vocational Schools, Newark, 
N. J., for his helpful encouragement; to Mr. Ronald W. Kent, 
Assistant Director of the Essex County Vocational Schools, 
for his inspiration and .suggestion as (o method; to Mr. Thomas 
S. Marshall, Supervisor, Essex County Vocational Schools, 
Newark, N. J., for his advice; to Mr. Joseph Jeitryes, Appren¬ 
tice Supervisor, for his suggestions; also to James F. Johnson, 
Jr., for his help in photographic work and (o John Sheldon 
for his pen drawings. Grateful appreciation is also given to 
James E. Gaffney for his help. 


Newark, N. J. 


James F. Johnson 
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FRACTIONS 

Addition; subtraction; mul¬ 
tiplication; division; can¬ 
cellation; applications to 
daily problems in the home, 
in business, and in industry. 




Fractions 


A clear umler.slaiKlinK of what a fraction i.s, may bo obtained 
from a careful examination of the inch measurement, as found 
on the ordinary 12-inch rule, 

12-IN’CH RULE 



Into 1 



1'ift. 2 


It will he seen that each inch is divided into 16 equal parts, 
or divisions, as shown in enlargement in Figure 2. Much one 
of these, divisions equals one-sixteenth part of the whole unit, 
the inch, This amount, one sixteenth, expressed by a number, 
i.s written as aV This kind of a number is called a fraction. 

It represents, in this case, one of the sixteen equal parts into 
which this unit, one inch, is divided; namely, -{$ of an inch. 
Three of these divisions would, accordingly be expressed in 
fractional form as tV of an inch. In the same way five divisions 
would be expressed as A,- of an inch. 

From this brief explanation it may lie seen that a fraction is 
one or more of the equal parts into which a unit is divided. 

3 
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By examining each of these fractions, A > A - a,, d A ' 1 
may be noted that each is made up of two parts, or tonus. 
One term tells into how many equal parts the unit is divided. 
This is called the denominator. In the above fractions, Ifi is 
the denominator, as it tells into how many equal puits the 
unit, one inch, is divided. 

The other term of the fraction is called the numerator. I his 
tells how many of the equal parts are taken to form, or to 
make up, the fraction. In the fraction A the figure 1 is the 
numerator, as it tells that 1 of the 16 equal parts of the inch 
is taken to form the fraction T V In the fraction A, the figure 
3 is the numerator, and in the fraction A, the fig me 5 is tin- 
numerator, also for this same reason. 

In each of these fractions, the figures 1, 3, and 5 tell how 
many equal parts are taken to form the given fractions, 

It will be noted that the terms of each of these fractions 
are separated by a short straight line. The number Mow 
this line is the denominator , the number above the line is the 
numerator. 

The number which separates the numerator from the 
denominator is sometimes referred to as a division sign, indi¬ 
cating that the numerator is divided by the denominator. This 
fact is used later on in dealing with certain processes involving 
fractions. 

PROPER FRACTIONS 

Fractions like yV, Ar, I. tL and such, where the numerator 
is smaller than the denominator, are called proper fraction s. 

Proper fractions always indicate an amount which is less 
than 1. 

IMPROPER FRACTIONS 

Fractions like f, AA AS f, and such, where the numerator 
is larger than the denominator, are called improper fractions. 
As may be seen these fractions are greater than 1. 

Fractions like f (read "two halves"), $ (read “three thirds"), 
and t (read ‘ four fourths"), in which the numerator equals 
the denominator, are also improper fractions. 
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Since the line between the numerator and the denominator 
indicates that the numerator may he divided by the denomi¬ 
nator then the above improper fraction j becomes 2 2, 

which in turn equals 1. In the same manner the fraction £ 
becomes 3 s- 3, which also equals 1. Likewise {■ equals 1. 

This shows that a fraction whose numerator and denomina¬ 
tor are the same is equal to 1. 

From the above explanation it may also be seen that 1 may 
be changed to a fractional form by writing a fraction whose 
numerator and denominator are equal. For example, 1 may 
be changed to such fractional forms as ■}, ■£, |£, $££-, and the 

like. 

Accordingly, it may be stated that improper fractions 
may be changed to either a whole number, or to a combination 
of a whole number and a fraction, as the case may he, by divid¬ 
ing the numerator by the denominator. 

To illustrate: 

= 9 + 9 = f 
■J = 6 -r 3 « 2 

■£ =- 3 2 — 1J (read "one and one half) 

J fl 7 - = 17 8 — 2J, (read “two and one eighth") 

# = y 5 — 1?, (read "one and four fifths") 

MIXED NUMBERS 

When a whole number and a fraction are. combined in one, 
as for example, 2J or 1;*, the combination is called a mixed 
number. 

Such mixed numbers may be readily changed to improper 
fractions by multiplying the whole number by the denominator 
of the fraction, and then adding to this amount the numerator 
of the fractional part of the mixed number. This gives the 
number that is the new numerator of the improper fraction. 
This new numerator is then placed over the original denomina¬ 
tor to form the equivalent improper fraction. 

For example, in order to change the mixed number 2J to 
an improper fraction, the whole number 2 is multiplied by 
the denominator 8, giving as a result 16. To this is added Lhc 
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numerator 1, giving a total of 17. Planing 17 over tin* dennmi- 
nator 8, there results the improper fraction V- 

In this improper fraction the numerator 17 also indicates 
that in the mixed number 2J there are 17 eighths. 

Applications of this rule are seen itt the following examples. 

Example 1: 

Change llff to an improper fraction. 


Solution and Explanation; 

Using the above rule, the first step is to determine tin* 
numerator of the desired improper fraction. 'Phis is done 
by multiplying 11 by 16 and adding to that, the number 1.1. 

11 X 16 equals 176. 176 + 13 equals 18b. 

Placing this new numerator 189 over the original denomi¬ 
nator 16, there results J r H <r as the equivalent improper fraction. 
11 if changed to an improper fraction, therefore, equals V t( ", 

Example 2: 

How many J inches are there in the measurement inches? 

Solution and Explanation; 

The number of -J- inches in 5} inches is determined by 
changing 5f to an improper fraction. As previously explained 
the numerator will indicate the number of ’ inches in tin- 
original number. 

According to the above rule, the numerator is 5X8 or *1(1, 

plus 3, which equals 43. The improper fraction then be¬ 
comes 

The numerator of this improper fraction indicates that in 
the measurement 5f inches there are 43 one eighth inches. 

Problems Involving Expressing Fractions 

1. Determine which of the following are mixed numbers, 
^ 0P 8 er / 7 raCtl ° nS ’ ° r im P r °P er fractions: f, 3f, TV, ij, li 

o > T> Og* 


thc rol,<n ™> ! rrMi ™ a: 

® > Tr, "T-, Tff? TTi J r, fil'* 
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3. How many eighths in 1J in., 2-J- in., S' H in., lljj- in., 9g- in.? 

Note: The word inch- or inches is indicated by the abbrevia¬ 
tion in., or by the symbol (") as in the measurement expressed 
as 5 in. or 5". 

4. How many pieces \ in. long can be cut from a strip of 
aluminum that measures 111 in. long? 

5. It is desired to divide a line 4[ in. long into spaces that 
measure } in. long. IIow many such spaces in this line? 

6. Change the. following to improper fractions: 

5, 71/,;, 12 a, in fa, 91, 1087 , 3 . 

7. What fractional part of 9 is 5? What part of 65 is 48? 

8. Which is greater, 2J or -V-; 5} or V-; V- or lfr? 

9. In measuring the width of a strip of wood, a boy counts 
the divisions on his ruler and finds that the piece measures 
or in. wide. Wlnit measurement is this equal to when expressed 
as a mixed number? 

1(1. The thickness of a brass bar measures -Jof an inch. 
What is this measurement equal to when expressed as a 
mixed number? 

11. IIow many 32nds, in 3 fa in.; in l n V in.; in 1 ^a in.? 

12. If there are 36 in. in one yard what fractional part of 
a yard is 11 in.; 7 in.; 25 in.?* 

REDUCTION OF FRACTIONS 

Proper fractions like -fa, ■£, and -fa are said to be 

in their lowest terms. That is, both the numerator and the 
denominator cannot be further reduced by dividing each of 
them by the same number. 

When in this condition they are referred to as being in their 
simplest farm. 

Such fractions as -J, j? r , fa-, and ■}}, are not in their lowest 
terms, nor their simplest form, because each may be further 
reduced by dividing both terms by a number which will be 
exactly contained in them. This exact divisor is called a factor , 

•Answers to these problems will be found on page 14. 
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and because it is common to both terms it is known as a 
common factor of these terms. ^ 

Both the numerator and the denominator of ; may be 
divided by 2. This number 2, therefore is a common factor 
of these terms. The division reduces both terms of the fraction 
by changing the numerator to 1 and the denominator to 2, 
making the fraction read -J instead of '(■ I his process is 
known as factoring. 

Although the form of this fraction has been changed by 
this reduction its value has not changed. To illustrate this 
further: f of an inch is equal to \ of an inch; % of a yard equals 
| of a yard. 

In like manner xg in., -jV im, and -JJ- in. when reduced to 
lowest terms become f in., •?- in., and in. respectively. Here 
again the form of the fraction has changed but the value has 
not changed. 

A fraction should always be expressed in its simplest form. 
That is, the numerator and the denominator should be reduced 
as low as possible by dividing both terms by common factors 
as above explained. 

This is illustrated in the following practical problem. 

Example: 

Redraw the sketch at top of page 9 placing all measure¬ 
ments in their lowest terms. 

Explanation: 

Note: Measurements are indicated as shown in tilt* drawing 
by what are known as dimensions. For this purpose, dimension 
lines are used. These dimension lines have an arrowhead at 
each end and are drawn parallel to the side, or the edge, 
measured. While the measurement figure is usually located 
in a suitable space in the dimension line as shown in the 
drawing, it may be located elsewhere if advisable or more 
convenient. 

By examining the measurements in this drawing it; may be 
seen that both in. and tV in. are not in their lowest: terms. 

Both the numerator and the denominator in the fraction 
may be divided by the common factor 2. This reduces it (u J. 
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The result §, cannot lie further 
reduced. Hence, la in. expressed 
in sim[)lesfc form, or lowest terms, 
heroines J in. 

In the fraction W, both tin* 
nunierator 4 and t he denoniinator 
16 may lie reduced to lower 
terms liy dividing each by 2, reducing it to j. Again, 2 is a 
factor of both terms 2 and X, reducing the fraction ;; to 1- 
The terms ot this fraction ], cannot be reduced further, and 
the measurement. ,*> in. in simplest form becomes J in. 

Hence the measurement: 1 in. 


expressed in its lowest terms is -J 


i r y h 

in., while the measurement -fo in. 1 

r 

'•iv i 

in its lowest terms equals J in. V 

- 

r- 

These measurements should be 



used in the redrawn sketch as 


u “--. j'-. J 

shown to the right. 



Noth: The reduction of (he fraction might have been 
accomplished in one operation by dividing both terms by 4, 
the highest common factor. When the highest, factor cannot 
he determined readily it is satisfactory to use such other factors 
as are correct. 



w-'4— H 

.t 

r 

^•i^o | 

j 

) 

r 


—— j-.- 


Problems Involving Factoring 

1. Express in simplest: form: 

ill of an inch; £ of a yard; J;i in.; -/V of a foot; ■§$• in.; J" in. 


2, In measuring an iron bar it is found to be 112 in. thick. 
What should this measurement read when properly expressed,-' 


l a r,, 
'3 2 S . 


a I . 12. () tl , 
i 3 u i no ‘’121, 



64 - ^ 3 ? y <6 


1 1 

Si'S [ 


L_._ 



* 14 M 

K '/ 6 ~~ 


4. Redraw the sketch on 
the left, giving dimensions in 
lowest terms. 

.1. Which of the following 
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. . wiivExpress (hem in (heir 

are not in their lowest terms? Why ■ 

lowest terms. 


a . 14. ns- AS- 
TS‘, TIT. Tif 

in.; 

2i!T- in.; IUg 

ill. 

6, Redraw the following template giving 

simplest form. 

a I' 

f2" 

_ ,a:~ h 

r 

$0 

L 

£ 


' /6 




Z7" 



~S 



7. Is if greater than |? Is J ir greater than 
greater than -Hi 1 Pt'ove each answer. 

8. Redraw the template as illustrated below 
dimensions in lowest terms. 


6J? Is M 


putting all 


9. Reduce to simplest 
form: 

M't Tffi Tr! Va"; TS'i 

M; 

10. Which of the following 
is the larger? 

in, or If in.; ¥ or 7§; 

8^ or W: ¥ m. or 4| in.; 

¥ or SJ.* 

Changing Fractions to Equivalent Fractions Having a Given Denomi* 
nator 

In the foregoing problems it was seen that when both terms 
of the fraction were divided, by the same number, the value i>J 
the fraction did not change. In the following example it will 
be seen that when both terms are multiplied by the same num¬ 
ber, the value of the fraction does not change either, although 
the form of the fraction does change. To illustrate: 

♦Answers to these problems will be found on page l 1 !. 
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By multiplying both terms of the fraction f by 12, for ex¬ 
ample, it becomes changed to 

2X12 24 

5 X 12 01 60 

But does not look much like £. However, it has the 
same value as •]?, and may be actually changed to This 
change is accomplished by first dividing both terms of jj by 
2 , thus reducing it to Jn- In turn, by dividing both terms of 
.J®. by 3 , that fraction becomes changed to t 1 ,,. Again, by 
dividing both terms of A by 2 , that becomes reduced to the 
original fraction jj. 

• 2 4 = 12 = 24 = 2 X 12 

That is, v = 1( j ' 3 () - w) - 5 * 12 ‘ 

This proves that when both terms of a fraction arc mul¬ 
tiplied by the same number, the value of the fraction does 
not change, although the form does change. 

This fart is made use of in changing fractions so as to give 
them denominators like other fractions. This kind of a change 
is sometimes referred to as raising, or increasing,-n given frac¬ 
tion to a required denomination, or changing a fraction to an 
equivalent fraction of another denomination. How this is ap¬ 
plied is shown in the following problem: 

Example 1: 

Change the fraction jj to an equivalent fraction having the 
denominator 32. 

Solution and Explanation: 

To find the number to be used in multiplying both terms 
of the fraction $ in order to change the denominator to 32’s 
(thirty-seconds), divide the desired denominator, 32, by the 
original denominator, 8 . This gives 4 as a quotient. Then 
multiply hoik terms of the fraction J by the number 4. This 
will give a new denominator, also a new numerator. When 
placed in fractional form this becomes 

3 X 4 12 

8X4 ° r 32 
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AsKpl *d above, U»-i„li.. 

value of the f iac< -' ^‘s lines 

That is, 5 ch ^S\ s ;l ls<i folloxvetl in rliann'»>K 'ff 

. 

.— " . 

form, becomes , , ns ;l „. multiplied by 

...-«.. 

denominator. 2 X 64 _ 128 

This becomes T-Tr' 54 ~~ (A , . 

, , inches nr 128 SL\ty-lnUI tils 

That is, in 2 inches there an'.-,,, un lies, 

"'ictccBcss of this »'»V i™" 11 ,IV 

128 by 64, showing that J <fr equals 2. 

Prnnf* 1^8 -r 64 — 2 . 

number being first changed to an improper fraction. 

Example 3: . 

How many 32nds of an inch in 3k m.. 

Solution and Explanation: 

34 changed to an improper fraction equals-fi • 

To find the number which is to be used in multiplying "> 
J ms of this fraction in order to change it to 32.uk .divide 
32 by 8 . This gives 4, which is to be used as the multip n 
Proceeding as in the previous example: 

2 1X4 w , That • 3 a = 

8X4 32 
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This shows that in 32 in. there are 108 thirty-seconds of an inch, 
the numerator of the fraction indicating the number of 32nds. 

Knowledge of this process is of great help in both addition 
and subtraction of fractions. 


Problems Involving Changing Fractions to Equivalent Fractions of 
Another Denomination 

1, Change: 

yC in. to 6-llhs; 1 j] in. to 32nds; 21J in. to 64ths; in. to 16ths. 

2. Change: 

lj to 20ths; to 63rds; to 120ths; 4^ to 42nds. 


3. Change: 


n . <i . 

•it liit 


l to 48ths. 


4, What is the equivalent number of 16ths of an inch in 
1J in.; in J in.; in J in.; in lj- in.; in 1 ^ in.; in 3 in.; in 31 in.? 

5. How many 641 hs in 2 in.; 2;’j in.; 1 ^J in.; 7$ in.; 4 in.*. 
12 in., aV in.? 

0. Change each of the following to 30ths: 

1 . 11. 1.01, 1 i 

v , t n, V,i, ! -j. 

7. A strip of sheet steel measures 22 in. wide. Of how 
many 32nds is this the equivalent? 

8 . A young man spent two and one half dollars for tools 
to be used in his workshop. This is equal to how many quarters? 

9. Change 2 in.; 4J in.; and 8[i in. to 64tbs of an inch. 

10 . How many 32nds of an inch in 12 in.; 9J£ in.; 2 
6 J in.; 121 in.? 

11. How many pieces of copper 1 in. long may be cut from 
a strip of thin copper 171 in. long? 

_12. Reduce 71 to KHTis; 3J to ISths; Z\ to 35lhs.* 

‘Answers to thews problems will lie found on page 14. 
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ANSWERS TO PROBLEMS 

Pages 6 and 7. 

1 ■ 3 f; If; 6§ mixed numbers. \; proper fractions. **. 
i r", | improper fractions. 131 

2. 2 1 ; 4f; 2f; If; 9^%; 5f ; 1 ; 3 ; 2» ; ljf, 

3. 9; 23; 41; 91; 77. 

4. 23 half-inch pieces, 

5. 17 quarter inches. 

6 iiil- JULl- in . j ihi , ; :i. nuu j 
T 'TTi n I S i 13 i S i il l • 

7 6 . 4H 

'■ rr. xnr- 

6 . Vw greater than 2>; Sj{ equal* 4,’: V is greater than 
9, lg 1 in. 

10 . 1-ir in. 

11. 101; 39; 619. 

12 . ff yd.; ^ yd.; •§£ yd. 

Pages 9 and 10. 

1 . f in.; f yd.; f in.; \ in.; ^ in. 

2 . If in. 

3- Ai tV! yi 8 T V; 3g-; 36$; 19J; 21J in. 


' 44' a »-* » 4 I *-4,J lilt 

4. i in.; jin.; fin.; fin.; If in.,-5 in.; } in. 


5 - f I If; ts in.; 2-fe in. 

6 . |in.; If in.; If in.; 3 f in.; f in. 

I UTMfln 61 I sgrc n ur tha r » Kn-nter than If. 

1°. „in. equals If in.;^ is greater than 


5 in.; f in,; J j,), 


-rrl ¥ equals 4f; -^"equals 5,|. 
Page 13. 

1 - ttm.;Hin.;ifjiin.;4» in. 

9 2 5 . 45. 119 , h .. 1 “ 

*■ siri - 0 TT. rff; -A* 1 - 


' i • '^iri is less than 


3. 


i j;ff; If; 


TT 
q a 


5' S in' Si"' 5 in.; f J in. 

6 ln ’ : & in - ; AVin.; 

, 1 St. to. t¥- 1 si 


■ a 14 ■ 

8 . 10 quarters. 

9. 

0 . ffm.^in,; 

n. pieces. 


; 04 - 111 .; II in. 


: in.; W- in,; 4&1 in. 


12 - 
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Review Problems Involving Expression and Reduction of Fractions 

1. Change 3-} to 63rds; M. to 48lhs; g to 57ths; 4J in. to 8 ths 
of an inch. 


2. How many 16ths of an inch in 5-J in.? How many Vs in. 
in 18J in.? 

3. Which of llu; following are in their simplest form: 

)»■ on . ni, ■) ii . (i) 

i , O 52 in., 3ir, I(! r 

4. Is U larger than 1»? Is li larger than M? Is 2iJ larger 
than 2W 


5. Some of the dimensions 
on the opposite drawing are 
not correctly expressed be¬ 
cause they are not in their 
simplest form. Make a new 
drawing giving all dimen¬ 
sions in their simplest form. 


.r 

'oi<o 

L 


ra 


A" 
!6 ' 


/O' 


/6' 




J 

" r >l t D 

!~T 


6 . In the following list of numbers which are. 
fractions and which are mixed numbers: 

•3 1. 14, I 1 , 1 li . 12. 1 H 
•'41 II i 1 II I * I fl > I) i l 1 5 > 


improper 


7. A strip of thin brass 7:] in. wide is to he cut into pieces 
that measure J in. wide. Into how many pieces can this strip 
lie cut? 


8 . Redraw the following sketch giving all dimensions in 
their lowest terms. 

_□ /<? " _ 

^ 64 


'Hi? 


r 


7 " 

~6 


, 20 “ 

'3a 


25 

*3£" 


'IV- 


9. There are 12 inches in one foot. What fractional part of 
one foot is <5 in.; 9 in.; 4 in.; 3 in.; 10 in.; 7 in.; 8 in.? 
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ADDITION OF WHOLE NUMBERS AND A FRACTION 

When one or more whole numbers are to be nthlnl to a frac¬ 
tion, the sum of the whole numbers is simply placed in front 
of the fraction. The result is a mixed uinuhrr, which, as pre¬ 
viously explained, consists of a whole number and a fraction 
combined. 

For example, to find the sum of 7, .1, 5, and {,*, tin 1 first 
step is to add the whole numbers. T his equals 7 I d i- 5, 
or 15. Placing this sum in front of the fraction [,', the result¬ 
ing sum of the whole numbers, and the fraction becomes 15|J, 

ADDITION OF SIMILAR FRACTIONS 

To add two or more fractions it is necessary that they have 
the same name, or the same, denominator. Such fractious as 
|, and | are of this kind because they have the same name 
or same denominator, that is, they are till eighths. Because 
they have the same denominator they tire called similar 
fractions. 

Such similar fractions as those above can be added just as 
they are by adding the numerators together and placing this 
sum over the common denominator. 

According to this, the sum of the similar fractions J, and 
ij is determined by adding the numerators 1, 5, and 7, and plac¬ 
ing this sum over the common denominator 8, This gives as a 
result the new fraction J i f. By changing this to a mixed num¬ 
ber, becomes If, 

ADDITION OF MIXED NUMBERS HAVING THE SAME 
COMMON DENOMINATOR 

To add mixed numbers which have fractional parts that 
are of the same common denominator, first add the fractions 
as above explained, and then add the whole numbers. By 
placing the sum of the whole numbers in front of the sum 
of the fractions the combined result gives the correct sum. 

This is illustrated in the following example. 

Example: 

What is the sum of 2J, 9f, and lil? 
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Solution and Explanation: 

Following ihe procedure as above explained, 

1 + a + il = h, us the sum of the fractional parts. 

2 + 9 + 1 — 12, as the sum of the whole numbers. 

The sum of the three mixed numbers, 21, hjj, and ljj, there¬ 
fore equals 12J. 

The addition of such mixed numbers is usually expressed as 
follows, the fractional parts being added in a vertical row. 

or 


Sum — 121- 

COMBINATION OF WHOLE NUMBERS, MIXED NUMBERS, 
AND SIMILAR FRACTIONS 

A combination of whole numbers, mixed numbers, and frac¬ 
tions having the same common denominator, are added in the 
same manner as above noted. They are placed in the usual 
vertical row and the fractional parts are added as explained. 
Their sum is then reduced to lowest: terms. 

This sum is then combined with the sum of the whole 
numbers for the final result. 

Mow such a combination is added is shown in the following 
example. 

Example: 

Determine the sum of the following measurements: I,'" in., 
ill in., 2 in., 6,Vi in., ,i\ in. 

Solution and Explanation: 

Following the arrangement as above explained this works 
out as: 
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Reducing the fractional part -Yr to simplest form it becomes 
1-if, which in turn reduces to l;i i- 

The sum 9irf then becomes changed to 9 -r ljii, or 
That is, the sum of the measurements 1A i in., i! i in., 2 in., 
6U in-- and A in., equals lOfi in. 

Problems Involving the Addition of Similar Fractions 

1. What is the sum of each of the following? 

a) W, A, 2, 6A, UM. 21. 

b) 8, A, A. 4A, 

c) -} in., f in., 7f in., 5 in., in. 

d) 6, 5, 19, |, 4f, 2f. 

2. From a bar of iron a boy cuts off four pieces measuring 
3A in., 1A in., 8 T V in., and 10{-J in. respectively. How many 
inches of stock did he cut off in all, disregarding the thickness 
of the saw blade? 

3. What is the total length of the. piece illustrated below? 
What is the total width? Redraw the piece placing on the 
drawing all dimensions including the total length and the 
total width as indicated by the question marks. 



4. Four strips of brass measure each, A in., A in., A in., 
and H in. thick. What is their combined thickness? 

5. In repairing a damaged "oil line" on an automobile, 
the mechanic uses three pieces of copper tubing. One of these 
pieces measures f ft., another 1 ft., and the other measures 
li ft. How many feet of this tubing were used for this par¬ 
ticular repair job? 
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6. A workman assigned to the job of repairing a leaking 
roof finds that he needs four strips of .sheet metal. One piece 
of this sheet metal measures d ft. long, another measures 4} 
ft. long, another ,VJ ft. long, while the fourth pieee measures 
2-J ft. long. How many feet of sheet metal in all were needed 
for this job? 

7. Cracks and knots in a white pint: hoard necessitate that 
a pieee 1J ft- long bit cut off one end of the hoard, while a piece 
that measures ft. long be cut: off the other end. What is the 
total length in feet, of this waste material? 

8. Calculate, the total length of the. handle as illustrated 
below. 



9, After completing a job of wiring, an electrician finds 
that he lias left: four pieces of wire. These measure 9J ft,, 
8 ft., 10} ft., and 12} ft. respectively. What is the total length 
of these four pieces? 

10. Determine the total length of the special link that is 
illustrated in the following drawing. 




APPLIED MATHEMATICS 


11. What is the total length of the pin in tilt: following 
sketch? 



12. In checking over the repairs needed in lii.s cellar work¬ 
shop a boy finds that he needs the following pieces of lumber: 
one piece 5f ft. long, one piece 5 ft. long, one piece 4 5 fi. long, 
and another piece 3f ft. long. What is the total length of I lie 
pieces needed?* 

LEAST COMMON DENOMINATOR 

To add fractions having different denominators, ii is neces¬ 
sary first to change them to equivalent fractions which have the 
same common denominator. This common denominator should 
be the least number which can lie exactly divided by null of 
the different denominators. Such a denominator is called 
the least common denominator. 

The fractions are then added the same, as the similar frac¬ 
tions referred to on page 16. 

Sometimes this common denominator may be readily deter¬ 
mined by a careful examination of the denominators of (he 
several fractions to be added, 

, For example: 

In the fractions £, J, and §, an examination shows that ,H 
is the least number that can be exactly divided by each of the 
three denominators. This number 8 therefore is the least: com¬ 
mon denominator of the fractions -£, -J, and jj. 

To add these fractions f, and jj-, each must first bo changed 
to an equivalent fraction that has 8 as the common denomina¬ 
tor. They are then added as similar fractions in the manner 
already explained. 

*Ans\vers to these problems will lie found on page AT. 
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Changing J and to equivalent fractions which have 8 as 
the denominator there results the similar fractions and 
These added with the fraction jj give -JJ-, or 1J, as the sum of 
the three fractions and ij. 

When the least common denominator cannot be so readily 
determined it may he calculated as explained in the following 
problem: 

Example 1: 

What is the. sum of -J, jj, and l ? 

Solution and Explanation: 

The denominators 8, 6, 4, and 3 must all he changed to the 
least common denominator. As explained, this is the smallest 
denominator that is common to all these fractions. 

The first step in this process is to arrange 8 - 6 - 4 - 3 as 
illustrated below, separating them by short dashes. They are 
then divided by the smallest divisor, or factor, that will go 
into as many of the numbers as possible. 

For example, 2 will exactly divide 8, 6, and 4, but will not 
exactly divide 3. This number, 3, is brought down to the next 
row as shown, in line with the quotients 4, 3, and 2. 

The second row 4 - 3 -2-3 is then divided by 2, Then the 
third row, and so on, until no number remains that can he 
further divided. 

How this division is usually arranged is shown as follows: 

2) 8 6 4-3 

2) 4 3 •- 2-3 

2) 2 3 "'l 3 

3) 1 ■•3 '”1 - -1 
■' 1- 1— 11 

After all divisions have been completed the divisors, or 
factors, are multiplied together as follows: 

2 X 2 X 2 X 3, which equals 24, 

The resulting product 24, is the least number which will 
exactly contain each of the denominators 8, 6, 4, and 3. Ac¬ 
cordingly, 24 is the least common denominator of the fractions 

7. '■ •’* I I 

Hi ili ji ‘ m<1 :l■ 
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After the least common denominator has been obtained tho 
next step is to change these fractions to equivalent fractions 
which have 24 as the new denominator. This change is made 
in the same manner as that relating to similar fractions. 
As a result, f becomes 11-, -J becomes a", l becomes JJ, and 
^ becomes -jV. These are similar fractions because they have 
the same denominator and therefore may be added as similar 
fractions. 

In this particular case the sum of the numerators equals 
21 + 20 + 18 + 8, or 67. The sum of the fractions accord¬ 
ingly is ff. 

This result, reduced to a mixed number equals 2-1 if. 

As more commonly arranged this addition is as follows: 



That is, the sum of £, &, f, and J is 21J. 

To find the sum of mixed numbers whose fractional parts 
are not of the same denomination, it is necessary also to change 
the fractional parts to equivalent fractions having a common 
denominator. 

After this is done they are added in the same manner as 
mixed numbers which have similar fractional parts, as ex¬ 
plained on pages 16 and 17. 

Example 2: 

Find the sum of 9| in., 1& in., and 7J| in. 

Solution and Explanation: 

As explained, it is first necessary to change the fractional 
parts 2 , fs, and mr to equivalent fractions having the same 
common denominator.' 
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To do this, it. is necessary to find the least common denomi¬ 
nator as explained on page 20. This works out as follows: 


* 

2) 

2 - 

16 

- 32 


2) 

1 ■- 

8 

If 


2 ) 

1 - 

4 

8 


2 ) 

1 - 

2 

4 


2) 

1 

1 

- 2 



1 - 

1 

- 1 

Multiplying the 

divisors 

th< 

‘re 1 

results: 

2 X 2 X 2 X 

2x2 

= 

32, 

which is the least common 


denominator. 

Notk: After sufficient practice it is possible to quickly 
determine the least common denominator of such fractions as 
those above. Where this cannot be readily done it is advisable, 
to work out the calculations in detail. 

The numbers to be added are then placed in a vertical row 
as shown and each is changed to its equivalent mixed number 
which has 32 as the denominator. The details of the addition 
are the same as that already explained. 

y-1 - 

1 - 1 n"a 

y 1 r, 71 it 

___ j a. 

Sum -= 1735. or 18/s’ 

In the above addition, the sum of the fractional parts is 
■3 This changed to a mixed number equals In*. The sum 
of the whole numbers is 17. By adding these two together the 
final result becomes I 83 V 

That is, the sum of 9i in., 1 in., and 7J5 in. is 18n* in. 

ADDITION OF FRACTIONS FOR SPECIAL CONDITIONS 

The addition of fractions has a wide application in practical 
shop problems, especially in those calculations relating to find¬ 
ing the length of pieces having fractional measurements. 

The process of addition in such cases is the same as that al¬ 
ready explained. The student will be helped 111 the solution 
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of these problems if he will make a sketch, nr a rough drawing, 
of the part wherever possible. 

The following is typical of such problems. 

Example 1: 

Determine the length of the pin in the following thawing. 

Solution and Explanation: 

The length of this pin is equal 
to the sum of the three separate 
dimensions J in., i in., and 1A in. __ 

This length is usually indicated by 
another dimension placed just be¬ 
low the separate dimensions as shown. This dimension, giving 
the length of the pin, is referred to as the Infill length, some¬ 
times as the over-all length. 

Before the sum of the several fractions ran be found they 
must be reduced to equivalent similar fractions. In this pmress 
the first step is to find the least common denomin.it or. 

By careful inspection it may be seen that lb is the least 
common denominator of the fractions 1, J, and 1 ",i, 

Changing these fractions to equivalent similar fractions and 
adding them as previously explained there results: 

1. _ 4 

4 ~ 1 it 

.7. 1 4 

8 ~ 1 l) 

1 — 1 !» 

1 1U 1 H)_ 

Sum = 1?5, or 2}J- 

That is, the total length of the above pin equals 1>{,\ in. 

A further application of the addition of fractions may be 
seen in the method of determining the length of bent, metal. 

In calculating the total length of such pieces the sum of 
the inside dimensions of the finished piece is first determined. 
To this is added an allowance for each, square corner. This 
varies for different kinds of material, but for the problems in 
this book, add half the thickness of the metal for each square 
corner. 

How this is done is shown in the following problem. 
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Example 2: 

Calculate tlu- length of the iron strip that is to be bent 
according to the shape in the following drawing. 

r 

N 

Solution and Explanation: 

The inside dimensions of this piece are 11 in., 1 in., 4jj in. 
Adding these dimensions in the usual manner the sum 
becomes: 

11 -- u 
1 = 1 
_ 4 1 4 2 

Sum — (>l 

The sum of the. inside dimensions therefore is (>5 in. 

Since the thickness is \ in. then one half of this measures 
1 in. 

This amount, 1 in., is to he added for each square corner 
bend. There being two such bends the total amount to he added 
equals 1 + 1 , or J in. 

Adding this amount, ,{ in., to the sum of the inside measure¬ 
ments, 6 1 in., the result becomes: 

6 } (,' 

1 ,, i! 

■I K 

Sum -• 6", or 71 

That, is, the total length of the above piece before bending 
to the shape noted should be 71 in. 

Problems Involving Addition of Fractions Having Different Denomi¬ 
nators 

1. Find the sum of 3in., lj in,, 61 in. 

Find the sum of ji, + 5, 12Vi. 

Find the sum of 61, 1+ '!«, 5£. 
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2. Find the total length of the materia! used in making 
the following template. 



3. A boy is given the following drawing of a tool rank and 
is asked to build one for his workbench. What i n the length 
of the material needed? 



4. Upon looking over materials on hand, a carpenter finds 
he has 5 hemlock boards of the same width ami thickness, 
but whose lengths measure 3 ft., l'[ ft., ft., HI ft., and W It, 
What is the sum of these lengths? 

5. Determine the length of J-in. band iron needed for a 
strap as per the following dimensions. 
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6 . What is the total length of the bolt illustrated below? 



7. To complete a job in the printshop required the work of 
three printers. It took one printer 3j hr., another If hr., 
and the third one 2\ hr. What was the total time in hours 
required to complete the job? 

8 . What is the length of 1-in. 
iron stock required to bend the 
piece illustrated in the sketch to 
the right? 

9 . In order to do a certain 
job, a mechanic needs three 
pieces of steel measuring 3b in., 

71 in., and 5J in. respectively. 

These are cut front a piece of 
material that measures 5 ft. long. Allowing - L V in. for each 
saw cut how much material in all was cut from the 5-ft. piece? 

10. What is the total length of wire fence needed to enclose 
the three-sided plot of ground as illustrated? 
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11. How much material is needed to construe! the bracket 
arm in the following drawing? 



12. To lay out a certain job for the machine shop required 
2 ^ hr. The piece was then sent to the drill press where 4 * hr. 
work was done upon it. From there it was sent to the milling 
machine where 6£ hr. work was done upon it. After this M 
hr. were required on the grinding machine. What was the 
total time spent on the job? 

13. Find the sum of the following: 

a ) a. A, in f, 3-jj. 

b) H, 4, A, «, A, 12$. 

c ) tS'f log-, -nr, 7. 

14. Calculate the length of rod stock needed to make the 
piece illustrated below. 



IS. A boy attending the stockroom in ,i mirtiiu- si,,.,, fills 
out „ order f„ r a certain lathe job eoveri„ B ,,|,,.f 
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stock 10 n, in. long; one piece 4 1 in. lout;', and one piece 9J in. 
loiiLt- What was the total length of the material given out 
oil this particular job? 

16. In checking over his paper stock, a printer finds that 
he litis oil hand 2{ reams of letter paper stock, :J of a ream of 
blotting paper, 5’. reams of cover stock, and 3;]- reams of luistol 
hoard. Ifow many reams of paper has he in all? 

17. Determine the length of the cone pulley in the following 
drawing. 



18. What: is the length of stock needl'd to make the wrought- 
iron handle illustrated below? 
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19. During the first week on his new job, ,i lmy worked 5 h r , 
on Monday, 6-| hr. on Tuesday, 6,] hr. nn Wednesday, 7', } lr 
on Thursday, and 4-J- hr. on Friday. How many hi nirs in all 
did he work that week? 

20. To remodel the pattern of the .small pulley ,t. .shown 
in the following drawing, a strip 
of fiberboard $ in. thick was 
wrapped around its circumfer¬ 
ence in order to increase the 
diameter to the correct size. If 
the original diameter was 7 ,’ ! 0 - 
in. as shown, what was it after 
the fiber strip was put on? 

21. To make a guard to pro¬ 
tect the operator on a grinding machine, 1 piece of hand iron 
17-fV in - l° n £i 1 piece 8J in. long, and 1 piece 11,' in. |,,ng are 
required. These are all cut from the one piece of stock,' Al¬ 
lowing tV in. for the thickness of the saw blade, what is the 
total length in inches of the material nit off? 

22 . Adding f in. on each end for finishing, wlmt will he the 
amount of material needed to make a spindle like the foil,,wing? 



23. Redraw the following sketch of a steel stud shaft, 


ft 
l 0'O 

J 
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giving all dimensions in their lowest terms. What is the total 
length as indicated by the question mark? 

24. A three-sided piece of land measures 42 ft. on one side, 
38f ft. on another side, and 40J ft. on the third side. How 
many feet of wire fence are needed to enclose this plot? 

25. Redraw the following spindle giving total length and 
all detailed dimensions. 


.1 

IT 


* * \ 

A 


Si? 



vo(iO 

1 

-L 


li 1 1 

1 


6 

^ Jl. 

L 

14" 


!6 

4 

1 a 

7 6 


26. What is the length of stock needed to make up the 
ornamental brace as per the following shape and dimensions? 

























28. A boy working for a neighborhood grocery store after 
school puts in hr. on Monday, 2 hr. on Tuesday, 2 J hr. 





32 APPLIED MATHEMATICS 

on Wednesday, 2\ hr. on Thursday, and 6’ hr. on Saturday. 
How many hours did he work that week ? 

29. What is the total thickness of a board made by gluing 
3 pieces of lumber together if one piece is in. thick, another 
rj- in. thick, and another f in. thick? 

30. Determine the width, also the length, of the following 
piece. 


TT 

"•ini 

~~i _r~ 


sF 

n 


77 

NOj 

_1 

NM 

J 

—1-L. 
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, 
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31. In checking over stockroom supplies, it is found that 
there are 5 kegs of nails which are only partly filled. One keg 
weighs 19| lb., another 26f lb., another 32 lb., another 29J lb., 
and another 37| lb. What is the total weight of all the kegs? 

32. After cutting up 4 rolls of strip brass for various jobs, 
there are left pieces measuring 7yj r in. long, 6;’ in. long, 4-J in. 

long, and 4 2 m. long. What is the combined length of these 
pieces that remain?* 


SUBTRACTION OF FRACTIONS 

To subtract one fraction from another, it is necessary that 
each of the fractions have the same common denominator , or 
can be changed to equivalent fractions that have the same 
common denominator. The subtraction is then performed by 
P acing the smaller fraction directly under the larger fraction 
and subtracting the numerators. ' 

J n h ‘ S nUmb f is , then P Iaced ovei ' the common denominator 
g£^nga new fraction as a result of this subtraction. 

♦Answers to these problems will be found on page 47. 
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Example; 

Subtract from H 

Solution and Explanation: 

In tills example, the denominators are the same, and the 
numerators are subtracted directly, as explained. 

The result obtained by this subtraction is Ui. Hv planing 
this over the common denominator 32, there results the fr.tr. 

tion 

This is arranged as follows: 

1 <> 
ft a 
:i 

•ft i 

',15 — difference 

Cut -y-S- is not in its lowest, terms. When reduced to lowe.-f 
term it equals ■}. 

That is, & subtracted from equals ... 

Problems Involving Subtraction of Fractions Having Common Denomi¬ 
nators 

1. Subtract -15 from 3 jj. 

2. Taking -/j from 1H, leaves what? 

3. From take -j 3 *. 

4. Subtract il in. from ill in- 

5. J5 minus (Ar equals what? 

6 . From ■?,take 

7 . What number added to »r! equals ii J ,? 

8 . After clipping in. from a polished strip of aluniimun 
x| in. wide, what is the width of the piece remaining ? 

9. Four brass “shims,” or spacers, measure a total <»f Jl 
in. thick. After removing one shim, which measures ,jV in. 
thick, what is the combined thickness of the three ictnain- 
ing shims? 

10 . After subtracting y’./V, from ," a v, what remains? 
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11. Find the difference between; 
H and tb-; and Til; IT in. and 
tT in. and TV in. 


1 n . In . 

at in., 


li n 

*a a 


in. and 


nV in, 


12. In order to use a mahogany board that measures [g- ; n> 
thick a young man is obliged to plane TV in, oil one side. 
What is the final thickness after this planing is done?* 


SUBTRACTING FRACTIONS NOT HAVING COMMON 
DENOMINATORS 

When fractions that are to be subtracted have not the 
same common denominator, they should first be changed to 
equivalent fractions which have the same common denomi¬ 
nator. As a result, they become similar fractions, and the 
subtraction is then carried on as previously explained. 

Example 1: 

Subtract Ta from f. 


Solution and Explanation: 

The common denominator of these fractions is seen to be 
16. Changed to equivalent fractions they become and ■}■§. 

These being similar fractions, the subtraction takes place 
as illustrated under the subtraction of similar fractions. 

W subtracted from f works out as: 


3 

4 
7 

16 


_ 1 2 
— T0- 

= JU 
16 


Difference = TV 

1 b 

Therefore TV subtracted from f equals Tr- 

Example 2: 

Determine the value of the missing di¬ 
mension in the drawing to the right, 

* Answers to these problems will be found on page 
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Solution and Explanation: 

In drawings of this sort the measurements A in. and J in, 
are known as detail dimensions. They refer to measurements 
of certain detailed edges or parts. 

As seen in previous problems it is the custom to give the 
total of these detail measurements by a total length dimension, 
sometimes called an "over-all dimension." Such dimensions 
are usually placed near the detail dimensions, as illustrated in 
this drawing. 

In this particular drawing the 1-g-in. dimension is the total 
of the detail measurements A in. and 2 in, 

Should cither one of these detail measurements be missing, 
the other measurement may be determined by subtracting tin- 
known detail measurement from the Hf-in. measurement. 

From this explanation it may be seen that the value of the 
missing dimension, as indicated by the question mark, may 
be determined by subtracting the detail measurement ^ in. 
from the total length measurement Hi in. 

The first step in this process is to change the fractions to 
equivalent similar fractions. The subtraction then takes 
place as previously explained. 

This works out as follows: 

n i __ <m 
•fl 4' — 0 4 

fi _ 4 b 

_H_“ 0 V 

Difference — 111- 

That is, the missing dimension in the above drawing is 
-H in. 

Problems in Subtraction of Fractions Having Different Denominators 

1. From lif in- take £ in.; from i|" in. take J in.; from 2 in. 
take in:, in- 

2. Subtract i-l in. from J in.; it from a,’; As from Id; 
$■ from 

3. After planing A in. from a board, which measures J in. 
thick, what is the resulting thickness of the boards 
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4. What is the difference between and J : |? 

5. If th- of an inch is cut from each of the two opposite 
sides of a steel bar in. wide, how wide would this bar he 
after the cutting is done? 

6 . A strip in. wide is cut from a piece of brass that 
measuresin. wide. What is the width of the piece renuiinimr? 


7. Determine the missing dimensions in the following 
drawing. s 



8. Subtract S' from ! 
rr from 


tor from fj; 


fmm nr in.; 


9. A piece of steel measures •} in. thick before being placed 
on the table on the surface grinder. What is the thickness after 
ttt in. is ground off one side? 

iO In the following drawing locale how far the center of 
the hole lies from the left side, and from the (op. 



—A— 

/S" 

. _ /5J: _ 
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A b ™ n f bushin £ has an outside diameter of >. i„ The 
Of the b„ s hi„ sf ” " w '“ • 
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12. What is the thickness of the screw 
head in the drawing to the right? 




13. The dimension indicating the 
width of the slot: in tins I dock as 
shown in the illustration to the left 
is missing. What: should it he? 


14. Supply the missing measurement in the following 
sketch. 



15. In checking the exact location of the hole in the follow 
ing piece, how far should it be from the left end? 
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16, How deep is the "V” 
cut in the drawing to the 
right?* 



SUBTRACTING A FRACTION FROM A MIXED NUMBER 

If a fraction is to be subtracted from a mixed number, the 
fraction itself is first subtracted from the fractional part of the 
mixed number. The remaining whole number is then placed 
in front of this fractional difference. It is possible that tiie 
result of such subtraction might be either a whole number a 

subt t r™ted° r & nUmber ’ de P endin g upon the numbers 

Example: 

After cutting * in from a piece of brass that measures 
* n. wide, what is the width of the piece remaining? 

Solution and Explanation: 

These numbers are arranged as in previous examples. The 

he lowest Pa co S ai ' e T redUCed t0 equivalent fractions with 
expid above The V « subtracted ax 


012 


Difference 


7 __ 

i o 


TIT 

7 

16 


= 2-8- 

^ 1 (> 


That is, the width of the piece remaining is in. 

SUBTRACTION OF MIXED NUMBERS 

Answers to these problems will be found on page 48. 
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similar fractions. After (his they are subtracted as already 
explained. 

Then the whole numbers are subtracted, arid the resulting 
whole number, if any, is placed in front of the fraction giving 
the final result of the subtraction. Such subtraction of mixed 
numbers might result in either a mixed number, a fraction, 
or even a whole number, depending upon the numbers 
subtracted. 

Example 1: 

Subtract 1& in. from 4u in. 

Solution and Explanations 

Reduced to similar fractions the fractional parts become, 
n'V and t 

The mixed numbers to be subtracted thus become changed to, 
InV and ‘IJS 

According to the above explanation the subtraction is as 
follows: 

A l| 1 1 M 

4 10 — 4nj 

1, a - T 1 :» 

_ 1 nj 1 

Difference ~ 3J] 

That is, 1-& in. from 4Z,, in. equals 3JJ in. 

It sometimes occurs in subtracting mixed numbers that ihe 
larger mixed number has a fractional part which is less than 
the fractional part of the smaller mixed number. The sub¬ 
traction of such numbers lakes place as follows. 

Example 2: 

Subtract l-H from 3 : ;' 2 . 

Solution and Explanation; 

Before these numbers can be subtracted the fractional part 
•ji must be increased large enough to permit the subtraction. 

This is accomplished by taking 1 unit from the whole number 
3 and changing this 1 unit: to its equivalent fractional form 
■jr§. This fraction is then added to n :| g changing ii to i|jj. 



40 APPLIED MATHEMATICS 

As a result, 3 - 3 % becomes changed to 2-jj-jj-, its equivalent. 
The two mixed numbers to be subtracted then become 2 ifJ- 
and These are subtracted as in the previous example. 

_ 9 I* 5 
'' ;l 'I — z Tl li 

_ m ~ i& 

Difference = lJS 
1 -Jf reduced to lowest terms equals l^V 
That is, 1-g-J subtracted from 3^ equals L 3 ^-. 

This method of subtraction also applies where a mixed 
number or a fraction is to be subtracted from a whole number, 
as in subtracting 3^ in. from 8 in., or subtracting from 4 . 

In such cases, 1 unit is taken from the whole number and 
changed to fractional form of the same denomination as the 
fraction being subtracted. 

The whole number thus becomes reduced by one unit. 
Combined with the fractional equivalent of this unit the new 
whole number still remains equal to the original whole number. 

The remaining process of subtraction is the same as that 
explained on page 38. This is illustrated by using the above 
numbers in the following examples. 

Example 3: 

Subtract 3^ in. from 8 in. 

Solution and Explanation: 

One unit taken from the whole number 8 and changed to 
the denomination of the fraction equals fg. This reduced 8 
to 7. Combining the fractional equivalent of this unit with 
7 there results 7xf. As seen this is the equivalent of the whole 
number 8 . 

s 71 (l 

6 — l Tw 

_ _ ^lli J 16 

Difference = 

That is, 3 x 77 im subtracted from 8 in. equals in. 
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Example 4: 

Subtract W from 4. 

Solution and Explanation: 

According to the ruin, 4 is changed l<> its equivalent mixed 
number, 3111. The sublrarlinn then become u 

4 3 i i; 

u 

l 'I \ *1 

Difference 3 J 

That is, fa- from 4 equals 3|.',. 

To subtract mixed tiunthns which have n»t similar fra* - 
tional parts it first heroines necessary to change the fractional 
parts to equivalent fractions having the s.tmtMnmmoii denonti 
nator. After this is done the subtraction take.- filar** a . ahead'. 1 
explained. This is illustrated In the followim; jii.ictieal example 

Example 5: 

In the drawing to the right the 
dimension which indicates the 
distance that the center of the 
hole lies front the left end of tin- 
piece is missing. What should 
it be? 

Solution and Explanation: 

The missing dimension is equal to the ditlyo ut >- between 
the detail measurement 1,]" in. and (he total length 3* in 
This difference is found by subtracting 1,",‘ Isom .*J. 

Before such subtract ion can tala- place, Itov. e'.n, tin-*' 
fractions must he changed to t-quis. .dent -itnilar b.utiote 
As a result 2,’, becomes In stibtt.e ting I'* lx<m tin-, 

the process is the same as pieviou-.ly explained on page 3S, 
This works out as follows: 


Hiltercnce 

This indicates that the mi-ving dimension is ,";1 in. 
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Problems Involving Subtraction of Fractions and Mixed Numbers 

1. a) What length added to 5^ in. equals 19f in.? 

b) After subtracting If from 6$ what remains? 

c ) Subtract 2f from 3-£; 8J from 10g; 15 J from 20;}. 

d ) What number added to li equals 13 r? 

2. The following drawing was sent to a machinist to be 
used in making the piece illustrated. He finds there is one 
important measurement missing. What should it be? 







Vlcol 






* I * 1 






! Ncq 

/£ 



L o r 

13 

~^t 

16 

^32 


-/o4- - 

16 



3. To make two copper pins, one piece 2-Hf in. long, and 
another piece 2-& in. long are cut from a rod 13-J in. long. How 
much of the rod remains after this cutting? 

4. In the following drawing of a bookrack end, determine 
the missing dimensions as indicated by the question marks. 
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5. From a bundle of paper containing 5 reams, a printer 
uses pi reams in one day, \ ream on another day, and J of a 
ream on another day, How many reams were there left in 
the original bundle? 

6. A board measuring 4 in. thick is dressed by planing 
a ; n 0 ne side and in. off the other side. What is tin- 
resulting width of this board? 

7. From a coil of lead pipe 50 ft. in length, a plumber uses 
at different times pieces measuring 6J ft., -J ft., KJ ft., 4 ft., 
and 9f ft- How many feet are left in this coil? 

8. A grindstone 14 in. in diameter is used in grinding 
chisels. After one month's use the diameter wears clown 
jL in. After another month’s use it wears down J in. more. 
What is the diameter of the wheel after two months of wear? 

9. A tool bit that is used in turning metal on a machine- 
shop engine lathe measures 2J in. long. In forming a proper 
point on this bit the workman grinds away in. After using 
it for a day he again repoints the tool by grinding away /’a in. 
more. Flow long was the tool bit after the second grinding? 

10. What is the thickness of the flange on the spindle shown 
in the drawing below? 








a 7 " 

--."7 

M r //: 

p 



11. After planing yV in. off the top and • l ' 1 „ in, off the bottom 
of a block that is \\ in. thick, how thick will it be after the 
operation ? 

12, An apprentice cabinetmaker is directed to surface one 
side face and the lop fan; of a piece of lumber measuring d in. 
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thick and 6 in. wide. After he finishes surfacing the piece he 
finds that it measures 2-if in. thick and 5-f in. wide. How much 
was each of the original dimensions reduced? 

13. Redraw the following sketch putting in all dimensions 
including the ones indicated by the question marks. 



14. The weight of kerosene oil is listed as being & that of 
water.- At that rate what would be the weight of one gallon 
of kerosene when one gallon of water weighs 8; 1 ,- lb.? 

15. From a strip of copper 10J- ft. long the following lengths 
are cut at various times: \\ ft.; \ ft.; 1$ ft.; 2f ft.; 2 ft. What 
is the length in feet of the piece remaining? 


16. A casting weighs 36§ lb. before it is worked upon in the 
machine shop. When all operations were completed the fin¬ 
ished piece weighed 2If lb. How much metal was machined 
from this casting in these operations? 


17. Determine the length 
of the part as indicated by 
the question mark in the 
drawing to the right. 

18. Afte r withdrawing 14f 
gal. of oil from a tank con¬ 
taining 27j gal., how much 
remains in tne tank? 




SUBTRACTION OF FRACTIONS 


19 What arc the missing dimensions in the followii 
sketch? 



22. The measurement of (lie halMap cut on the follmviiu- 
crossrail for a small (aide is missiuj.’. What should it lie? 
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23. From a piece of brass tubing 28J in. long, two pieces 
measuring 6f in. and 9? in. are cut. What is the length of the 


piece remaining? 


24. An important measure¬ 
ment on the drawing to the 
right of a bronze bearing is 
missing. What is the value of 
the measurement referred to? 


25. What are the missing 



dimensions in the following? 


*T~ 

n I!$ 

<y 


*hr 




1 


<9 H ' 4 - 



26. A piece of broken belt that was used in a woodworking 
shop measures 40? in. In order to be used again, the belt 
should measure 49J in. How long a piece must be added to 
the broken length in order that the belt may be made long 
enough for use? 


27. What are the missing dimensions in the following? 
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28 . What are the values of the dimensions that arc missing 
in the following drawing?* 



ANSWERS TO PROBLEMS 


Pages IS to 20. 


1. 40Jf; 22*; 16 in.; 37J. 

7. 

21 ft. 

2. 23-*- in. 

8. 

3« in. 

3. 2$ in.; {% in. 

9. 

40:1 ft. 

4. I in. 

10. 


5. 3 ft. 

11. 

in. 

6. 13* Ft- 

12. 

18J in. 

Pages 25 to 32. 

1 . nil; 1921; 251*. 

17. 

4Ja in. 

2 . 6fiT in. 

18. 

1 2 1 (1 in. 

3. 15*. 

19. 

30i hr. 

4. 40 ft. 

20. 

7i",v in. 

5. 7* in. 

21. 

40 J in. 

6. 4|i. 

22. 

H in. 

7. 8 hr. 

23. 

3j in. 

8 . 171 in. 

24. 

121’ ft. 

9. 16* in. 

25. 

5 1 . in. 

10. 701 ft. 

26. 

131£ in. 

11. 18* in. 

27. 

4 1 ' 1 ,, in. 

12. 121 hr. 

28. 

14J hr. 

13. (a) 61; (6) 18gg;(r) 19$. 

29. 

112- 

14. Ill in. 

30. 

2 ni in.; 

15. 24* in. 

31. 

145*lh. 

16. 12J reams. 

32. 

22}$ in. 


‘Answers to these problems will lie found on piiRC 'IS. 
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Pages 33 and 34. 


1 . f. 

7. as- 

2 . A. 

8. 1J- in. 

3. J. 

9. 1 in. 

4. io in. 

10 . u- 

5. A- 

11 . is-; 4; i in.; jj- in.; f in. 

6. -J. 

12. S in. 

Pages 35 to 38. 


1. H in.; -J-f in. in¬ 

9. in. 

ti JL in ■ 17 v 11 . a 

X, 3 2 To¥» 4 8* ¥o* 

10 . :f in. 

3. ft in. 

11 . Ain- 

4. A- 

12 . M in. 

5. tffin. 

13. A in. 

6. Tj- in. 

14. -. 1 ,if- in. 

7. A in.; f in. 

15. SI-in. 

Q (11 . 4 . 7 . an 

TlfFi B'| THL'I 7 2- 

16. ;*in. 

Pages 42 to 47. 


1 . (a) 14-j-jj in. ; 

13. A in.; i'h in.; A in. 

(*) 4H; 

14. 6| lb. 

(c) 11; 2-A; 5-A; 

15. 21ft. 

00 li«. 

16. 14 Jib. 

2. 4^ in. 

17. H in. 

3. 8M in. 

18. 12f gal. 

4. 31 in.; f in.; 4| in. 

19. H in.; 1-01- in.; a in.; A in- 

5. 2f. 

20. | in. 

6. 3A- 

21 . fin. 

7. 20f ft. 

22 . 4 in. 

8. 12-^1 in. 

23. 121 in. 

9. 2Ain. 

24. 11 in. 

10 . Min. 

25. 2f in. ; A in. ; 1 in. ; A in. ; f in, 

11 . 1 in. 

26. 8J in. 

12 . A in. off thickness; 

27. f in.; A in. 

| in. off width. 

28. H in.; fin. 
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Review Problems on Addition and Subtraction of Fractions 

1. What number added to l?', .'; equals 35 3 H f ? 

2. What is the difference between 1 <S[in, anti lfiij in.; 
between 42-JI in. and 13,', 2 in.; between 15 J 2 in. and lljjj in.r’ 

3. A steel block l,' 1 , in. thick has n"a' in. removed during a 
shaping operation. What, is the resulting thickness after this 
operation? 

4. Determine 
the length of metal 
needed to I lend t he 
piece in the draw 
ing- at the left. 

5. From a sheet of brass 115 in. wide, there, is eul a strip 
4f in. wide, What, is the width of the sheet that remains? 

6. Determine the length of tin* special screw below. 

7. To paint a small kitchen, 
a pantry, and a back hall, four- 
boys work 5 hr., 6,| hr., 4A hr., 
and 8f hr. respectively on the 
job. How many hours all to¬ 
gether were spent on the work? 

8. The thawing to the letr 
was returned to the drafting 
room by the foreman of tin* tool¬ 
room because an important di¬ 
mension was missing. Cheek it 
over and redraw it, giving all 
dimensions, 
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9. To turn out a certain job on a lathe, the workman is 
supplied with four bars of stock weighing 19} lb., 17} lb., 
2 Qi lb., and 28 : } lb. After the job is completed he finds that 
he has 9| lb. of stock left. How much did he use? 

10. The dimension giving the 
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multiplication of fractions 

Fractions are multiplied by multiplying the numerators for 
a new numerator, and by multiplying the denominators for a 
new denominator. The result of such multiplication may be a 
fraction, a whole number or a mixed number, as seen in the 
following examples: 


l multiplied by 1 becomes J 
i multiplied by n becomes i 


X 


X 


or 


ii, or 


d X t 

4 X 2 

d X 4 

2 /. 3 


n 

«• 


— ‘ii' or 


multiplied by 5 becomes 


or 


I ■ • < 1 

ifl tit* 1! 


Multiplication, besides being expressed by the sign X may 
also be indicated by the word times, or of, as dj times 5, <;i 

i of in. 

MULTIPLICATION OF MIXED NUMBERS 

To multiply mixed numbers, they should first be changed 
to improper fractions, The multiplication is then carried out 
as explained above. 

This is illustrated in the following examples: 


Example 1: 

Multiply 2-J by 1J by J. 

Solution and Explanation] 

As explained above the mixed numbers 2\ and 1J are lir«t 
changed to improper fractions. 

2jy becomes -V; 1{ becomes 

All fractions are then multiplied together as follows: 

2-j X If X i ecfuals Ar X f X ft, which works out as, 

13 X 5 X 1 on 

6 X 4 X 3' 

That is, 2f X If X ft eq^Jj^ 
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Example 2: 

If a printer can “set” 2f pages of type matter in 1 hour, at 
this rate how many pages of the same size can he set in S, 1 - 
hours? 


Solution and Explanation: 

Since 2\ and 5& are mixed numbers they should first be 
changed to improper fractions as previously explained. 

2\ becomes 5J- becomes -Lb 


These are multiplied together as in the previous problem. 
2f x 5! equals f X -V-, which in turn becomes: 

9 X 11 jin. , 

'4x2 “ ’ 01 12 “’ 


That is, the printer should be able to set 12 $ pages of such 
type matter in 5£ hours. 


Example 3: 

Lead pipe f in. in diameter weighs If lb. per foot. What is 
the weight of a piece of this size pipe that measures 61 ft. long? 

Solution and Explanation: 

If one foot of lead pipe weighs If lb., then 6^ ft. of such 
pipe will weigh 6§ times that amount. 

lj changed to an improper fraction is 

changed to an improper fraction is -L-. 

The multiplication then becomes: 

If X 6i which equals, 


7 




X TT, or 


7 X 13 
4x2 


= ^ or 11 


3 

‘S' 


That is: 61 ft. of f-in. lead pipe weighs Ilf lb. 



53 


MULTIPLICATION of fractions 

multiplying mixed numbers or FRACTIONS By WHOLE 
numbers 

When a fraction or a mixed number is to lit* multiplied by a 
whole number, the whole number is considered as the numeialor 
of a fraction which lias 1 for its denominator. The multiplica¬ 
tion is then carried out in the same manner as multiplying 
common fractions. 

Example 1: 

Water is listed as weighing 8', lb. per gallon. At. this rate 
what is the weight fit water in a can holding 15 gal.? 

Solution and Explanation: 

Changing 8ft to an improper fraction, it becomes V< 
Following the above rule of using the whole number as the 
numerator of a fraction that lias 1 for the denominator, (he 
multiplication is carried out as follows: 

15 X 8 ft, or-V -< Vi which equals 125. 

That is, the weight of 15 gallons of water is 125 lb. 

As a further application of this process of multiplication of 
fractions to shop problems the following is worked out, 

Example 2: 

The material out of which the following piece is made 
weighs ft lb. per inch of 
length. In making each piece 
\ in. is to be added to the 
length for waste and finish¬ 
ing. What is the weight of 
the material required to make 
up 24 such pieces? 

Solution and Explanation: 

In calculating problems of this kind the weight of the material 
required in making one piece should first be determined. After 
this the number is multiplied by (he number of pieces wanted, 
The length of the piece as shown is 2J in. To this is to In* 
added the \ in. for waste and finishing, This makes the total 
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length of the material needed for one piece equal to 2£ i n . + 
\ in., or 3| in. 

Since this material weighs i lb. per inch of length then a 
piece 3-J- in. long would weigh 3J X i, or f| lb. 

The weight of 24 such pieces would be 24 times the weight 
of one piece, or 24 X f|. Following the above rule involving 
the multiplication of fractions and whole numbers this works 
out as: 

24 w 25 _jtnn_ „ 1 91 

T x Th — ifi 1 01 

That is, 12% lb. of material are needed in making 24 pieces 
according to the drawing on page S3. 

CANCELLATION 

The multiplication of fractions may be somewhat shortened 
by the process of cancellation. This process eliminates con¬ 
siderable multiplying in both numerator and denominator, 
and reduces these terms to simple form before multiplying 
for a new numerator or a new denominator. This is accom¬ 
plished by striking out, or canceling factors that are common 
to both numerator and denominator. 

How this is done is illustrated in the following problem: 

Example 1 s 

Multiply £ by A by A- 

Solution and Explanation; 

Solving this problem by the method of multiplication of 
fractions as first explained, the result becomes: -f x A X A 
with 3 X 8 X 7, or 168 as the new numerator, and 4 X 21 x 12, 
or 1008 for the new denominator, This produces the frac¬ 
tion AlA 

As this is not in its lowest terms it must be reduced by fac¬ 
toring both the numerator and the denominator. 

Tinrff — At = tA = A l <r = A = £• 

I X A X A = ■}. 


That is: 
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Working out the same problem by cancellation, the solution 
becomes: 


1 

\ 2 

Jr X 

-7 X 7 ,- 7 , 

1 

1 



1 

— r> 


Comparing the two processes, it is readily seen that: cancel¬ 
lation is much shorter, and that it is really a red ml ion to lowest 
terms before multiplying takes place. This reduction to lowest 
terms is accomplished as explained, by dividing both terms of 
the fraction by factors that are. common to each. The. method 
of cancellation as used in (he above problem is explained as 
follows: 

Seven is a factor of 7 in the numerator and 21 in the denomi¬ 
nator. These are "canceled" by drawing a line through each 
number and placing above the numerator and below the 
denominator the figures which represent: the number of times 
this factor 7 is contained in these numbers. Accordingly 1 
would be placed above 7, and 2 below the 21. But: this 2 is a 
factor of the 2 in tin- numerator, so these are crossed out, or 
"canceled," and the figure 1 placed as indicated, In the same 
manner 4 is factor of 4 in the. denominator and Kin the numera¬ 
tor. These are canceled and the. quotients are inserted in their 
proper places. The. 2 which results from this last factoring, is 
a factor of 12 in the denominator, being contained in it 0 
times. These numbers are canceled, the figure 1 being placed 
above the crossed out 2, and the figure G being placed below 
the crossed out 12. 

After these operations, it is seen that there is no further 
opportunity for factoring. 

To obtain the result of this cancellation all uncanceled terms 
remaining in the numerator are multiplied together for a 
new numerator, and all imcancckd terms remaining in tin* 
denominator are multiplied together for a new denominator. 
These give the fraction as the result of the cancellation process. 



56 APPLIED MATHEMATICS 

The only uncanceled terms remaining; in the numerator 
are the three l’s. Their product is 1. 

In the denominator, the uncanceled terms are 6 and 1, 
These multiplied together give 6. 

The new fraction then becomes J-, as the result of this can¬ 
cellation process, which is the same as that obtained by the 
longer process. 

Note: It is very important that the terms be crossed out 
as they are factored, as such care will tend to avoid errors. It 
is also well to remember that only one number in the numerator 
and one in the denominator should be canceled at one time. 
Inasmuch as the product of the quotients, 1, do not effect 
the result, they may be omitted from the work of cancellation 
hereafter. This may be illustrated by working out the follow¬ 
ing problem: 

•nr X tt X Vv X -J- X J = ? 

Canceling the terms as above explained this becomes: 

1 x r»: X I» y ^_ 18 

13 A ii * 2 ? *.#■ i4i 

That is, A X T ” r X X J X -J equals r 'tV 

Problems Involving Multiplication of Fractions 

1. Multiply: 2yf by 5 by 2- L s s by i\- by 2-iJ s . 

2. Solve: 2{ X | X H X { X f X 1’- = ? 

3. What is the weight of 4 cast-iron gear blanks each 
weighing Sf lb,? 

4. Multiply, 3^ by 6| by b by U- 

5. Water weighs 62| lb. per cubic foot. What is the weight 
of water in 6 tanks each containing 5J- cu. ft.? 

6. If there are gal. of water in a cubic foot and each 
gallon weighs Si lb., what is the weight of water that will fill 
a tank containing 3i cu. ft.? 
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7 If a standard barrel contains 311 gal. what is tin* weight 
of oil in such a barrel that * s « f 11 "-'' Flit; oil weighs 7] Hi, ju*r 
gallon. 

g If there are 71 gal. to tin* mine fool, how many gallons 
of oil will 4 tanks hold, each tank containing 41 cu. ft,? 

9, Calculate the weight, of It) liars of cold-rolled steel, each 
bar being 11a ft- long. This steel weighs l\ 11 1 . per foot length. 

10. What is the weight of the material needed to make 61 
bolts like the one to the right, 
i in. being allowed on each 
piece for finishing up. The 
stock out of which the bolts 
are to be made weighs J lb. 
per inch of length. 

11. If a 3-in. wastepipe 
is listed as weighing 91 lb. 
per foot of length, what is the weight of -1 such pipes each 41 
ft. long? 

12. How many pounds of stock weighing lb. per inch of 
length, are needed to make 2(10 bolts aeeording to the following 
drawing? There is to be added to each bolt J, in. for cutting 
off and finishing. 




13. What is the weight of a 20l-fl. coil of lead pipe, if tin- 
pipe weighs 1} lb. per running foot? 

14, Round steel stock ;{ in, in diameter weighs 1.1 lb. per 
running font. Calculate the weight of 12 bars each S’, IT. long. 
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IS.. A machinist used 7| ft. of a steel bar 1J in. in diameter 
to make up 25 pieces like those in 
the sketch on the right. If this stock 
weighs 3f lb. per foot of length, what 
is the weight of the material used in 
making these screws? 

16. Brass rod f in. in diameter is listed as weighing 1-| lb. 
per foot. Determine the weight of 16 pieces of this stock each 
6f ft. long. 

17. Find the weight of material needed to make 48 pins, 
each requiring 6f in. of stock. The material weighs ^ lb. per 
running inch.* 

DIVISION OF FRACTIONS 

To divide one fraction by another, invert the terms of the 
divisor, that is, turn the fraction upside down, and then pro¬ 
ceed as in multiplying fractions. In this division, the can¬ 
cellation method should be used as much as possible. 

Example: 

Divide J by f. 

Solution and Explanation: 

£ is the divisor. Inverted, this becomes r- 
According to the above rule: 

3 ___ 7 _ 3 8 

4 ' 8 _ 4 X 7 

That is, f -5- 1 = f. 

DIVISION INVOLVING MIXED NUMBERS 

In dividing mixed numbers, first change the mixed numbers 
to improper fractions. After this, the terms of the divisor are 
inverted, and the process becomes one of multiplication. 

♦Answers to these problems will be found on page 64. 


2 

3 X ~ 6 
A x 7 7 






division of fractions 


Ex«mpl e 1: 

Divide \\ by 2a- 

Solution and Explanation: 

As the first step 11 — T. and 2J — 

7 21 7 « , . . , 'T 2 

4 - g 4 21 4 ' 2 f d 

3 

That is: 1-J divided by 2,1 equals 


Example 2: 

How many pieces -/V u>. long vail be cut from a piece 6j in. 
long? 


Solution and Explanation: 

This is determined by dividing 61 by y,- t . 

As a first step, f>J is changed to the improper fraction , 
Proceeding ns above, 61 i’,r equals V' X A, , which works 


out as 


3 

2? 

A 



= 12 . 


This indicates that 12 pieces each i‘„ in. long rail be cut 
from the above piece which measures Oj in. long. 

Example 3: 

Divide 6 by 8j. 

Solution and Explanation: 

Changing 8s' to an improjKtr fraction, it: equals s ab 
The division in then carried on as explained above. 


6 -t- 8| = t -r ■ J 3 a , or f X a ; ', lp which becomes, 

■fr 3 '? 

T 13 

13 

That is, 6 equals in. 

Should the divisor be a whole number, then this whole number 
is considered ns a fraction which has 1 as the denominator 
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and the whole number for the numerator. The division is 
then carried out the same as in the division of ordinary 
fractions. 

Example 4: 

In slitting a piece of thin brass that measures lyo in. wide 
into 2 equal parts how wide will each piece be, assuming there 
is no loss in cutting? 

Solution and Explanation: 

This problem is solved by dividing 1by 2. 

Following the above procedure, 1 changed to an improper 
fraction equals frt 

Ira -*■ 2 then becomes fj- 4- 2, or '(X which is jfi, 

This indicates that each piece should be Sj^ in. wide. 

Problems Involving the Division of Fractions 

1. Divide: 32tf by 3J; 7} by ■}. 

Divide 2-J-J in. into 5 equal parts, 

2. What is the weight of a coil of wire measuring 250 ft., 
there being 31J ft. to the pound? 

3. A special size bolt weighs \ lb. How many such bolls 
are there in a box which weighs 80J lb., if t he box when empty 
weighs 3J lb.? 

4. How many cubic feet of oil in a tank containing 487J 
gal., if one cubic foot is the equivalent of 71 gab? 

5. If 4 brass pins can be made from each foot length of 
rod stock weighing 1J- lb. per foot, how many pins can be 
made from 72^ lb. of this stock? 

6. Solve the following: 

3 iir X -;v x 6f 4- ; X /r 4 - 
16 -x 1| 4 - 2 J- 4" 4 4 ~ U x 6. 
s -5- 2 \ X 1 4- 6 x 15 4- 83. 
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division of fractions 

7. Allowing tV in. for finishing up 
each piece, how many knobs like the one 
to the right can be cut from a bar 1 ( ) 
in. long? 

8. A cubic foot of copper is listed as 
weighing 550 lb. and a cubic, foot of water 
weighs 621 lb. How many times heavier 
is the copper than the water? 

9. Redraw the sketch below, and 
then draw lines across it showing the 
length of the piece divided into 7 equal parts. IIow far apart 

should these lines be? 

J 

V 'I<V] 

I 

10. How many pins l /',) in. long can be cut. from a piece of 
drill rod 28:} in. long? To allow for cutting off and finishing 
each pin iV in. is to be added lo its length. 

It, A machine apprentice is asked to cut a coppt.u bai that 
measures 32jQ in. long into 8 equal lenglhs. The cutting saw 
on the machine which he uses is in. thick. What: should lie 
the length of each piece when cut? 

12. A young man learning 
how to do wood turning is given 
the drawing to the right of a 
gavel head. He. is also given a 
piece of mahogany 23} in. long, 
and told to turn up as many 
gavel heads as possible from this 
piece. How many gavel heads 
should lie be able to get out of 
this material allowing a waste of 1J- in. for each head due to 
fastening it in Lhe lathe? What is the length of the piece 
remaining, if any? 
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13. Allowing xV in. between each punching and at each end 
of the strip, how many blanks like the following can be punched 
from a strip that measures 23| in. long? 



Shorn np pos/fion of 
punching in strip 


14. A thin copper strip 10** in. long is to be divided into 
9 equal pieces. What is the length of each of these pieces? 

15. As shown in the drawing below, the tenon is to be cut 
exactly in the middle of the piece illustrated. Determine the 
measurements indicated by the question marks. 



16. Aboard that measures 10* in. wide is to be “ripped up 1 ' 

a ^ e into strips 1* in. wide. How many such strips 

can be cut from this board___ 

adding * in. for the width of 

the saw cut? What is the width f\ - n 

of the strip that remains? 

17. How many pieces ac¬ 
cording to the dimensions to ~ 

the right can be made from a - -___ 

strip of fiber 1* in. wide and §" /» ,»,» 

21* in. long? * 3 f f z 
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DIVISION of fractions 

18. Determine the number 
of binding-post screws like, the 
one shown that can be turned 
from a brass rod 191- in. long. 
To provide for cutting off and 
finishing i in. should be added 
to the length of each screw. 



19. As specified, the strip < 
have the centers of the live 
screw holes spaced at equal 
■distances. What should this 
measurement be? 

20. A piece of brass tubing 
measuring 5J in. long is to be 


>f liber illustrated below is to 

Centers of .5 hotes ^ 

I ora /o be equably spaced 



cut into 7 equal parts. Neg¬ 
lecting the width of the saw blade how long will the length of 


each piece be? 


21. Referring to the following sketch of a stationery rack, 
what should be the center distance between each of the. upright 
partitions? 



22. With each turn of the hand wheel on a large valve, the 
valve stem moves /j in. How many turns of this hand wheel 
are necessary to move the stem \ \ in.? 
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23. The sketch to the right 
is to be used in laying out an 
iron plate as per the direc¬ 
tions listed below. Redraw 
the sketch giving all the di¬ 
mensions needed for this job. 



Directions: Place four 1J- in. square holes so that the 
spaces between the holes will measure the same as the spaces 
at the ends. These holes are also to be the same distance from 
the top edge as from the bottom edge. 



24. A board 13* ft. long is used in 
making an order of pieces like the one 
to the left. A crack in one end of the 
board necessitates cutting off 1* ft. 
from that end. Working from this 
newly cut end how many such pieces 
can be laid out on the board? What 
is the length of the piece remaining? 

25. After cutting off 3* ft. from a board 12 ft. long the 
remainder of the hoard is cut into 5 equal lengths. Neglecting 
the width of the saw cut what is the measurement of each of 
these 5 equal lengths?* 

ANSWERS TO PROBLEMS 

Pages 56 to 58. 


1. 

4. 

5. 

2000 lb. 

9. 

4141b. 

13. 

25} lb. 

2. 

5 

T2 - * 

6. 

200 lb. 

10. 

57 lb. 

14. 

153 lb. 

3 . 

23 lb. 

7. 

162f lb. 

11. 

171 lb. 

15. 

24-*. 

4. 

4i 

8. 

135 lb. 

12. 

95 lb. 

16. 

180 lb. 







17. 

101* lb. 

Pages 60 to 64 







1. 

101; 161; 

0 

16 

in. 


6. 27; 6; 

tAt- 


2. 

8 lb. 




7. 13 knobs. 


3. 

308 bolts. 




8. 8$. 



4. 

65 cu, ft. 




9. fi!- in. 



5. 

232 pins. 




10. 23 pins. 



*Answers to these problems will be Found on this page and page 65 . 




division of fractions 
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11. 4 rif in. 

■)2. 6 heads, nothing remaining. 

13. 13 blanks. 

14. 1* in. 

15 - * in ; , . . . 

16. 6 strips; m. wide. 

17. 8 whole pieces. 

18. 26 pieces. 


19. 3' in. 

20. : 1 in. 

21. 2C„ in. 

22. ft 1 urns. 

23. 2;| in,; 1]’, in. 

24. X pieces; ■< ft. 

25. ft. 


Review Problems in Multiplication and Division of Fractions 

1 Determine the answers to (he following: 

\ X 7 ; V X /V 2\ X 6 « ? 

]-S + 2’, X 4 X i = ? 


2. A job being clone in a sheet-metal shop requires lhat a 
■strip of sheet iron 13., in. long be measured off into a equal 
spaces. How wide should each of these spaces be? 

3. How many full pieces like the following can be '‘punched 
out” from a strip of sheet: brass 21 in. long? The first punching 
is to be made \ in. from the end and the remaining panellings 
are to lie A, in. apart as noted. 



Showing position of Punching 

punchings in strip 


4. Calculate the length 
of stock required to make 
4 pieces according to the 
shape and dimensions to 
the right. 
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5. An oil tank empties through a faucet at the rate of 182 
gal. per minute. How long will it take to empty this tank if 
it contains 31* cu. ft. of oil, there being V, gal. to the cubic 
foot? 


6. How many strips each 2fin. wide can be nit from a sheet 
of tin plate 16f in. wide? 

7. A coil of lead pipe weighs 58* lb. If this pipe is listed 
at 2* lb. to the foot, how many feet are in this coil? 

8. How many pieces like 
the one to the right can be 
made from a strip of metal 
I in. wide and 49£ in. long? 

No allowance is to be made 
for cutting off each piece. 

What is the length of the piece remaining? 




9. The stock from which 

the screw to the left is to be 
made weighs J lb. per inch 
of length. What is the 
weight of stock needed to 
make up 64 screws, allowing 
iV-io. waste for cutting off 
and finishing up each screw? 


6 She1 ,' ? at m “ U,es 14 fL lone is t° be divided into 
spaces as follows: The first space is to be marked off Ij 

into! Mull nght “h Th ,' remainin e lei 'B th is to be divided 
mto 5 equal spaces. How long will each of these S spaces bef 



DECIMAL FRACTIONS 

Interpretation; addition; 
subtraction; multiplication; 
division; conversion; appli¬ 
cation to daily problems 
in business, industry, and 
everyday shop conditions. 




Decimal Fractions 


Decimal fractions am more commonly referred to as deci¬ 
mals. They are fractions whose denominalnrs consist, of 10 
or some power of 10, as 100, 1,000, 10,000, 100,000, ete, 

These denominators, however, are only expressed in reading 
the decimal, and are not expressed in writing it. As for 
example: 

.7 is read "seven tenths." 

.42 is read "forty-two hundredths." 

.325 is read "three, hundred twenty-live thousandths." 

.9827 is read "nine thousand eight hundred twenty-seven leu- 
thousandths.” 

The denominator, or name, of the decimal, whether it he 
tenths, hundredths, or thousandths, is determined liy the 
position of a point (.) called the decimal paint. The position 
of this decimal point, in turn, is governed by the value of the 
denominator of the fraction. 

For example, in the fraction - t Vn 7 in the decimal form is .277, 
In this the value of the denominator is thousandths, and the 
third place to the right of the decimal point indicates 
thousandths. 

In the same manner, f,,",, vilSu. ruSluo. and , .i',, 7 ,,',,,, when 
changed to decimal form become, .3, .28, .036, .0003, and 
.00271. 

By examining the above it may be seen that there is a direct 
relation between the number of figures after the decimal point 
and the number of zeros in the denominator of the fraction. 

The denominator tenths, having one. zero, indicates that there 
is but one figure after the decimal point. Hundredths, having 
two zeros, indicates that there arc two figures after the decimal 
point. Thousandths, having three zeros, indicates that there 
are three figures after the decimal point, and so on. 

69 




70 APPLIED MATHEMATICS 

That is, there are as many places following the decimal 
point as there would be zeros in the denominator of the frac¬ 
tion, if it were written, As further illustrations: 

Twenty-five hundredths written as a decimal becomes, .25, 

One hundred forty thousandths written as a decimal be¬ 
comes, .140. 

One thousand sixty-five ten-thousandths inches written as a 
decimal becomes, .1065 in., or, as sometimes written, 0.1065 
in. 

The practice of placing a zero before the decimal point in such 
decimal measurements is sometimes followed to indicate directly 
that no whole number precedes the decimal. This is of special 
value in writing dimensions for machine work and toolmaking, 
where extra precautions are observed in such matters. 

When there are not as many figures in the numerator as 
there would be zeros in the denominator, if written, the decimal 
equivalent is expressed by placing in front of the figures 
representing the numerator, enough zeros to make up this 
difference. The decimal point is then placed directly in front 
of the last zero. 

For example, in the number thirty-six thousandths, there 
is one more zero in the denominator of the fraction, 
than there are figures in the numerator. This is expressed as a 
decimal by writing the 36 as an ordinary number, and then 
placing the one zero in front of it. The decimal becomes, .036. 

In the same manner, three thousandths becomes, .003; 
forty-one ten-thousandths becomes, .0041; and so on. 

From the foregoing, it is seen that the first place to the right 
of the decimal point indicates tenths; the second place indicates 
hundredths; the third place indicates thousandths; the fourth 
place , ten thousandths; the fifth, hundred thousandths; and so on. 

The following chart gives the relative positions of the 
various places with regard to the decimal point, Numbers 
to the left of the decimal point are whole numbers, while num¬ 
bers to the right are decimals. 



decimal fractions 
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Referring to this chart, decimals similar to those below are 

readily interpreted. 

04 is read “four liundredlhs." 

,004 is read "four thousandths." 

,4 is read "four tenths." 

251 is read “two hundred fifty-one thousandths." 

200.0162 is read "two hundred and one hundred sixty-two 

ten-thousandths." 

36,65 is read "thirty-six and sixtv live hundredth-," 

1.250 in. is read "one and two hundred fifty thousandths 
inches." 

.0125 in. is read "one hundred twenty-live ten-thousandths 
incite.-." 

Where a whole number is combined with a decimal, as in 
the number 36.65, the number to the left of the decimal point 
is read as ail ordinary whole number, "thirty-six, but the 
word "and” is always used to indicate the tin imal point between 
the whole number and tin* decimal. I be part following the 
decimal point is read its already explained. 

The number 8.065 is read in the same manner, as "eight nml 
sixty-five thousandths," there being a slight pause after the 
word and. 

From the above decimals, it may be readily appreciated 
how important is the position of the decimal point. 

This might he illustrated by the numbers, .4, .04, and .004. 
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Although the one figure 4 is used, the value of the decimal 
changes according to the relation of that figure with the decimal 
point. Moving the decimal point one place to the left , divides 
the value of the number by 10, while moving it one place to 
the right, multiplies the value of the number by 10. 

This important relation is further illustrated in the following 
arrangement of the number 2.041. Each succeeding time it is 
written, the decimal point is moved one place toward the right, 

2.041 

20.41 This is ten times the value of the number above it. 

204.1 This is ten times the value of the number above it. 

2041. This is ten times the value of the number above it. 

An important fact about decimals is that the value of the 
decimal does not change when zeros arc added after it. For 
example: 

0.25, 0.250, 0.2500 are all of the same value because by fac¬ 
toring the numerators and the denominators of their fractional 
forms: = fWb = toV 

In reading decimals, or calling off numbers that have a 
decimal point, it is sometimes the practice to omit naming 
the decimal place and to refer to it by the one word point. 
For example, the decimals 18.75 and .251 might be read as 
one eight point seven five, and point two live one. It is rec¬ 
ommended however, that before the student follows this prac¬ 
tice, he become entirely familiar with the more common 
method previously explained. 

Problems Involving the Expression of Decimals 

1. Express in figures: 

Four hundred and eight thousandths. 

Four hundred eight thousandths. 

Four hundred eight and eight hundredths. 

One thousand and fourteen ten-thousandths. 

One thousand fourteen ten-thousandths. 

One thousand fourteen and one thousandth. 

One and fourteen thousandths, 



decimal fractions 

2. In the drawing of a 

template to the right, write 
out the value of the given .J 
dimensions. « 

3. An order from the J 
drafting room to the marhine yf~ 
shop calls for a round copper 3. 
disk two and two hundredths ‘ 

inches in diameter, with a _ , 

round hole eight hundred seventy-live tliousandllis inelies in 
diameter through its renter. Make a sketch of such a disk 
placing on the dimensions indicated. 

4. In checking over a drawing, it is found that a dimen¬ 
sion which should have read fifteen thousandths inches, is 
written 0.15". How should (his have been written? 

5. Read aloud the following: 

"A cubic foot of water weighs 62.425 pounds.” 

“The circumference of a circle is always equal to .1,1416 
times the length of the diameter. 

“Cast iron weighs 0,26 lb. per cubic inch. 

6. Ice is ninety-two hundredths times as heavy as water. 
Express this amount in figures. 

7. Cork is 0.24 limes as heavy as water. Express this 
decimal in words. 

8. Express as decimals the following: 

34/1000; 4 25/10,000; 025/1000; 41/100; 3/100; 7/10; 
5 8/10; 18/1000. 

9. Write in figures the following: 

a) Two hundred and seventy-three thousandths. 

b) Two hundred seventy-three thousandths. 

c) Seven thousand and six ten-thousandths. 

d) Seven thousand six ten-thousandths. 
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10. Write in words 
the dimensions that are 
noted on the drawing to 
the right.* 

ADDITION OF DECIMALS 

In adding decimals the same method is followed as in add¬ 
ing whole numbers. The numbers to be added should be so 
arranged that like terms are in the same vertical column. As 
a result of this, the decimal points of these numbers will lie 
in a vertical line, and tenths will lie under tenths, hundredths 
under hundredths, thousandths under thousandths, and so on. 
How this is done is illustrated in the following problem. 

Example 1: 

Find the sum of 5.072, 0.64, 0.0023, and 15.1. 

Solution and Explanation: 

As explained above these numbers should be so written that 
the decimal points and like places lie in vertical lines, 

5.072 

0.64 

0.0023 

15.1 

Sum = 20.8143 

That is, the sum of 5.072, 0.64, 0.0023, and 15.1 equals 
20.8143. 



Example 2; 


The drawing to the right 
represents a steel pin. The 
dimension giving the total 
length of this pin has been 
omitted from this drawing. 
Redraw the pin placing in 
position all dimensions in¬ 
cluding the total length. 



‘Answers to these problems will be found on page 85. 



addition of decimals 


Solution and Explanation: 

The total length of this pin is equal to the sum of the three 
dimensions: 0.125 in., 1,249 in., and 0.574 in., which indicate 
the lengths of different portions making up the total length. 

Their sum is found by arranging the decimals as previously 
explained and adding them as shown below. 

0.125 
1.249 
0.574 
Sum — 1.748 


inelud- 


Thatis, the total length of this pin is 1.748 in. 

The redrawn pin is shown below with all dimensions 
ing the total length. 

It is customary to place the 
dimension indicating the total 
length in a position near tin- 
detail measurements that 
make up this total length. 

Accordingly in the redrawn 
pin the total length dimension 
is placed just below the detail 
dimensions as shown. 

The abbreviations "D." indicate that this pin it.cylimlrical, the numbers 
giving the diameters of (lie res|»r:live poriions. 


tea 



Problems Involving Addition of Decimals 

1. Find the sum of each of the following: 

a) 7.2; 0.076; 1.09; 5, 

b) 9.4329; 0.06; 4.0025. 

c) 6; 3; 5.0002; 11,8; 0.4. 

2. Determine the sum of: 

Two and seventy-three ten-thousandths; four and one 
hundred five thousandths; sixty-three hundredths; fifty-two 
thousandths; eight; fourteen; seven and two hundredths; six¬ 
teen ten-thousandths, 
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3. Redraw the measuring gauge illustrated in the follow, 
ing sketch, writing in the positions indicated by the question 
marks, the dimensions that give the total width and total 
length. 



4. In grinding a steel plate, the grinding wheel reduces the 
thickness of the plate 0.015 in. during the first minute ol 
grinding, 0.0215 in. the second minute, and 0.0195 in. the 
third minute of grinding. What is the total amount removed 
in these three minutes? 

5. The drawing of the special steel tube illustrated does 
not have the outside diameter given. From the sketch shown, 
determine what this diameter should be. 




ADDITION of decimals 


6. The milling-machine 
its dimensions indicated in 
these dimensions determine 


cutter in the. following sketch lias 
a separate detail drawing. From 
the total width of this cutter. 


./ 875 ^ \' 37S *\ p ' 875 " 



S<zci/on showing 
fooih ouHine 



7, The inside diameter of a special brass tube is 0.6K75 in. 
The thickness of the metal is 0.049 in. What is the outside 
diameter? 

8. Determine the total length of the template illustrated 
below. 


—j .375y - 



9. From the following drawing of a crankpin, calculate its 
total length. Make a sketch of this pin, placing in position all 
dimensions, including the one giving the total length. 
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10. What is the total length and the total width of the steel 
punching shown below? Redraw the piece putting in all 



11. Two important 
dimensions as noted by 
the question marks are 
missing from the draw¬ 
ing to the right. What 
are they? 



12. Three strips of sheet brass each measuring in thickness 


0.032 in., 0.035 in., 0.025 in. are bound together in one piece by 


placing the strips on top of each other and clamping them 
together. What is the combined thickness of these strips when 


so bound together? 


13. What is the total length of the link illustrated below? 
What is the total width of the open end? 
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ADDITION of decimals 

14. Redraw the piece in the following drawing placing on it 
all the dimensions, including the dimension that gives the 
total length. 



IS, Supply the missing dimension as noted by the question 
mark on the drawing below. 



16. The young man who submitted the following drawing 
to his foreman neglected to place on it the over-all dimension. 
What should it be?* 



‘Answers tor these problems will be found on page 85. 
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SUBTRACTION OF DECIMALS 

The same method is used in subtracting decimals as is fol¬ 
lowed in subtracting whole numbers. That is, the numbers 
are arranged according to their denominations. This results 
in bringing the decimal points in the same vertical line, with 
units under units, tenths under tenths, hundredths under hun- 
dredths, thousandths under thousandths, and so on. 

The following example illustrates how this rule is applied. 

Example 1; 

Subtract 2.0018 from 4.1372. 

Solution and Explanation: 

As shown below the decimal points lie in the same vertical 
line thus lining up the numbers as explained. 

4.1372 

2,0016 

2.1356 = difference. 

That is, 2.0016 subtracted from 4.1372 equals 2.1356. 

Should the larger decimal not extend to as many decimal 
places as the smaller decimal, then zeros must be added after 
the larger decimal to bring it out as far as the other decimal, 
so that the subtraction may take place. As previously ex¬ 
plained such addition of zeros after a decimal number does 
not change the value of that decimal. 

This is illustrated in the following practical problem. 

Example 2: 

The pin to the right is too 
large to fit into the hole for 
which it was designed. If the 
hole measures 1.0375 in. in 
diameter how much must the 
diameter of the pin be reduced 
as planned? 



in order that it may be used 
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Solution and Explanation: 

As shown, the diameter of the pin measures 1.122 in. The 
hole into which it is supposed to fit measures 1.0,175 in. in 
diameter. From these measurements it is seen that the pin 
is too large to fit: into the hole. 

The ditkfUCter of this pin must therefore lie reduced by an 
amount which is equal to the difference between 1.122 in. and 
1 0375 in. This works out as follows: 

1.1220 

1,0375 

0.0845 — difference. 

That is, the diameter of 1.122 in. must he reduced by 
0.0845 in. 

In this subtraction it will be noted that it was necessary to 
add one zero after 1.122 in‘order to bring it out far enough 
to perform the necessary subtraction. This addition of the. 
zero did not change the value of the original number 1.122 in. 

It frequently occurs that, a decimal is to he subtracted from 
a whole number. In such eases enough zeros are placed after 
the decimal point, which follows the whole number, to bring 
the decimal places out far enough for tin* required subtraction. 
This done, the subtraction takes place its in the following 
example. 

Example 3; 

Subtract 0.7854 from 5. 

Solution and Explanation: 

In order to carry out this subtraction four zeros are added 
after the decimal point., which follows the number 5. 

The subtraction then takes place in the usual manner. 

5.0000 

0.7854 

4,2140 - difference, 

Therefore 0,7854 subtracted from 5 equals 4.2140. 
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Problems Involving Subtraction of Decimals 

1. Solve the following: 

a) 9.842 - 6.35 = ? 

b) 4.125 - .046 = ? 

c) 2.106 + 1.304 - 1.5 = ? 

d) .52 + 6,195 - 4.1 - 1.31 = ? 

2. In reply to an inquiry, a price of 8.45 cents per pound 
is quoted on a certain grade of steel. The following day it | s 
quoted at 8.72 cents per pound. What is the change in the 
price per pound? 

3. The drawing to the 
right was given to a tool- 
maker to be used in making 
a special gauge for measuring 
parts of a machine that is to 
be made in a small manufac¬ 
turing plant. The foreman 
finds that three important 
measurements are missing. 

Draw a new sketch of this gauge placing on it all measurements, 

4. Find the inside diameter of the piece of tubing in the 
following drawing. 
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5, To reduce a measuring gauge to its proper thickness, 
0 0025 in. must be ground off one ilat side. Before this grinding 
takes place, however, the gauge measures 0.375 in. thick. 
What should be the measurement when the above grinding 

is done? 

6 The drawing of a special machine key as shown below, 
was returned to the drafting room with question marks re¬ 
garding three missing dimensions. Redraw this sketch putting 
in all dimensions. 



7. Determine the distance 
between the centers of the 
holes in the drill jig illustrated 
to the right. 

8. A steel bar 1J in. in 
diameter and 1 ft. long weighs 
3,379 lb. The same size 
aluminum bar weighs only 
1,15 lb. What is the difference in weight between these two 
bars? 

9. Redraw the following sketch ancf put in all dimensions. 
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10. After milling off 0.126 in. from each of t hr* uvo flat sides 
of a circular plate which measured 1.370 i n , thi t ;k before the 
operation, what is the resulting thickness? 

11. The draftsman who made tin; following drawing omitted 
an important dimension. Redraw the piece and place in posi 
tion all of the dimensions. 
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12. In order to use a piston pin which measures one and 
twenty-one thousandths inches irt diameter, the mechanic 
must reduce the diameter to nine hundred eighty-live thou¬ 
sandths inches. In performing this task how much would the 
present diameter be reduced? 


13. A liquid quart, such as is used in measuring milk, con¬ 
tains 57.75 cu. in. A dry quart, used in measuring vegetables, 
contains 67.2 cu. in. How many cubic inches difference be¬ 
tween these two measures? 


14. A copper rod 1 in. in diameter and 3 ft. long weighs 

oarin’’ a br . aSS r0C * ° f tiie same dimensions weighs 8.55 
lb. V\ hat is the difference in the weight of these two rods? 

15. The actual outside diameter of a certain piece of 
wroiight-mm pipe is 2.875 in. The thickness of the metal is 
■ 204 in. Find the inside diameter. 


16. The actual diameter of a given shaft is 3.2478 in. The 
measurement of the inside diameter of the bearing in which 
thmshaft runs is 3.249 in. Find the clearance.* 1 


* Answers to these problems will be found on pn K ,. «5. 
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answers to problems 

^400 2 00afo.408; 408.08; 1000.0014; 0.1014; 1014.001; 1.014. 

o One and three hundred forty-live thousandths niches; 

. and eighteen thousandths inches; three hundred cighly- 
fnur thousandths inches; one and fine thousandth inches; 

c and seven hundred ci^hty-five ihuusamllhs inrhes; 
five hundred seventy-eight thousandths inches; three 
hundred seventy-live thousandths inches; one and ten 
thousandths inches. 

3. 0.875 ill.; 2.02 in. 

s' "A oildc foot of water weighs sixty-two and four hundred 
twenty-five thousandths pounds"; "The circumference of 
a circle is always espial to three and one thousand four 
hundred sixteen ten-thousaiidlhs times the length of the 
Hinmeter": "t'asL iron weighs twenty-six hundredths 
pounds per cubic inch." 

6 . 

7 Twenty-four hundredths. 

o‘ 0034; 4.0025; 0.025; 0.41; 0.03; 7 ; 5.8; 0.018. 

9 ; (a) 200.073; (5) 0.273; {,) 7000.0000; (,/) 0.7008. 

10 Two and two hundred thousandths; two hundred Idly 
thousandths; one and six hundred twenty-live thousand!h.s; 
five hundred seventy-live thousand!hs; four hundred 
seventy-two thousand I h.s. 

Pages 75 to 7!). 

1. (a) 11,300; 

(c) 26.2002. 

2. 35.8150. 

3. 4.5025 in. 

4 . 0.056 in. 

5 . 1.2625 in. 

6. 0.75 in. 


(b) 15.4954; 

10. 1.750 in.; 0.020 in. 

11. 1.4375 im; 0.8125 in. 

12. 0.092 in. 

2.2551 in. 

13. 7.250 in.; 0.75 in. 

7. 0.7855 in. 

14. 3.390 in. 

8. 3.180 in. 

15. 3.097 in. 

9. 1.9795 in. 

16. 2.775 in. 


Pages S2 to 84. 

1. (a) 3.402; (/;) 4.070; (r) 1.91; 

(d) 1.305. 

2. 0.27 cents. 

3. 1.820 in.; 1.301 in.; 1.09(1 in. 

4. 1.128 in. 

5. 0.3725 in. 

6. 2.09375 in.; 0.3125 in.; 0.3275 in. 

7. 2.215 in. 

8. 2.229 11). 


9. 0.245 in.; 0.115 in, 

10. 1.118 in. 

11. 0.125 in. 

12. 0.080 in. 

13. 0.45. 

14. (1.54 11). 

15. 2.407 in. 

16. .0012 in. 
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Review Problems in Addition and Subtraction of Decimals 

1. Write as decimals the following: Ten and ten-th ou . 
sandths; four and seventy-two ten-thousandths; seven hun- 
dredths inches; eight hundred forty-two hundred-thousandths; 

two and nine tenths. 

2. Add the following: Seventy-two thousandths; four anti 
sixteen hundredths; ninety and ninety-one hundredths; forty, 
six and two ten-thousandths; and thirty-seven. 

3. From eighteen and six ten-thousandths, subtract four 
and thirteen hundredths. From seventy-two, subtract ninety- 
four thousandths. 

4. A cubic inch of steel weighs 0.282 lb. A cubic inch o[ 
aluminum weighs 0.0924 lb. What is the difference in the 
weights of these metals per cubic inch? 

5. In trying to fit a gear on a spindle, an auto mechanic 
finds that the hole in the gear measures 0.738 in. in diameter 
while the spindle diameter measures 0.752 in. Iiow much will 
the diameter of the spindle have to be reduced in order to 
just fit into the hole in the gear? 

6. What amount added to 8.032 in. will equal 11.7 in.? 

7. The thickness of a special ground-steel tubing measures 
0.113 in. while the inside diameter measures 0.811 in. What 
is the outside diameter of this tubing? 

8. Four gauge blocks used by a toolmaker for accurate 
measuring are 0.285 in.; 0.750 in.; 0.1875 in.; and 0.365 in, 
respectively. What is their combined thickness? 

9. A notation on the drawing of a steel block that meas¬ 
ures 1.520 in. thick states that “this thickness is to be reduced 
0,272 in.” What should be the thickness of the block after 
this operation? 

10. A piece of flat steel, measuring 1.016 in. thick, is placed 
on a surface grinder in order to reduce the thickness to .987 
in. During this operation how much is the thickness reduced? 
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H Determine the length of the gauge in the following 
drawing. 



12. The draftsman overlooked giving the total length of the 
gear spindle in the following drawing. What should it he? 
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MULTIPLICATION OF DECIMALS 

In multiplying decimals, multiply as in whole numbers fo 
getting about the decimal point until the multiplication ' 

Locating the decimal point, or "pointing oft',’’ as it more 
often is called, is then done by cmm ling from the right-hand 
figure in the product as many places as there are decimal 
places in both the multiplier and the multiplicand. 

The decimal point is then placed directly in front of the 
last figure so counted off. 

The following example shows how this rule is applied. 
Example 1: Multiply 2.2 by 0.061. 

Solution and Explanation: 2.2 

0.061 
2 2 
132 

.134 2 = product 

Since there are 3 decimal places in the multiplier, and 1 
place in the multiplicand, their sum is 4. Therefore, the deci¬ 
mal point is placed in front of the fourth figure, counting from 
the right end of the product. That is, in front of the figure 1, 
Sometimes it so happens that the sum of the decimal placed 
in both terms to be multiplied is greater than the number o( 
figures in the resulting product. In such cases, enough zeros 
must be placed in front of the product to make up the number 
of decimal places needed. This is seen in the following example, 

Example 2: Determine the product of 5.12 and .0011. 

Solution and Explanation: 5,12 

■ 0011 
5 12 
51 2 


.0056 32 = product 
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In this case the sum of llic decimal places in the multiplier 
and the multiplicand is 6, The product, however, has only tin- 
four figures: 5, 6,3,2. Two zeros, therefore, must be placed iu 
front of the figure 5 in order to give the product the rci/uiml 
number of places. The decimal point is then placed in front 
of the sixth figure from the right end, and the result of the 
multiplication reads .005632 as shown. 

A common shop application of the above processes is found 
in calculations relating to circles. 

Referring to the drawing below, the < ir< tonfrrener of a circle 
is the distance around the circle. 

The radius is the distance from 
the center of the circle to the 
circumference. 

The diameter, as seen from previ¬ 
ous problems, is the distance across 
the circle through the center. It is 
equal to twice the length of the radius. 

The circumference of a circle is 
always equal to 3.1416 times tin- 
length of the diameter. 

How these terms are used is shown in the following problem. 

Example 3: 

Calculate the length of the circumference of a circular steel 
disk that has a radius of 1.475 in. 

Solution and Explanation: 

Since the circumference ol a circle is equal to 3.1416 multi¬ 
plied by the diameter, the fust step in this problem is to 
determine the length of the diameter. 

As previously explained the diameter equals twice the length 
of the radius. 

In this problem the diameter equals 2 X 1.475 or 2.05 in. 
The circumference of a circle having a diameter of 2.05 in. 
is, 3.1416 X 2.05, or 9.20772 iu. 

That is, the circumference of a steel disk with a radius of 
1.475 in. is 9.26772 iu. 
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Problems Involving the Multiplication of Decimals 

1. 2.5 X .7854 = ? 8.1416 X 4.26 = ? 

Multiply 4.125 by 1.51 by 0.22. 

0.306 multiplied by 0.071 equals what? 

44.002 x 21.01 = ? 1002.5 X 0.65 = ? 

2. Gasoline is listed as weighing 0.90 times that of water 
At this rate what is the weight of 15 gal. of gasoline if one 
gallon of water weighs 8.336 lb.? 

3. The distance across the cor¬ 
ners of a square, as shown in the 
drawing to the right, is always 
equal to 1.414 times the length of 
one side of the square. 

According to this rule, what is 
the diameter of the circle that will 
just touch the corners of a 2.1 in. 
square? 

4. How large in diameter must the hole be drilled to just 
receive a square plug gauge which measures 0.75 in. on the 
edge as shown in the following drawing? 
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5. The largest square that can he 
drawn inside of a circle has a side 
whose length equals .707 times the 
diameter of that circle. This is shown 
in the illustration to the right. 

According to this rule, what is the 
largest square that can be machined 
on the end of a shaft which measures 
2.500 in. in diameter? IIow this might 
look is illustrated below, the size of 
the square being carried to the third 
decimal place only. 




6, The distance across 
the corners of a hexagon 
equals 1.155 times the dis¬ 
tance across the flat sides. 
This is also equal to the 
diameter of the circle which 
passes through the corners 
of the hexagon. 

Using this rule, deter¬ 
mine the distance across the 
corners of a hexagon al- 
shaped steel bar which is 
1.62 in. across the Hat. sides. 



7. A plug wrench resembling that in the sketch on page 92 
is to be made from a piece of round stock which measures 


\o'/sfancz across // el 
//or s/o'es - .666 * o'/a. 
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1,25 in. in diameter. The size of this hexagon is limited b 
the diameter as noted in the previous drawing. 

What is the distance between the flat sides of the largest 
hexagon that can be machined on the end of this stock? 



8. How much stock is needed to make 20 special pins like 
the following. These are made on a machine that allows no 
waste in the length of the material. 



9. Using the following rule for round- 
headed rivet proportions, determine the 
values of dimensions A and B in rivets 
that have a diameter of .375 in. and ,500 in. 

D = diameter of rivet 
A = diameter of rivet head 
B = thickness of rivet head 
A = 1.75 x D 
B = 0.75 x D 
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10. Determine the proportions 
,500-in. rivet, using the following 
[or a rivet with a cone-shaped head. 
I) -- diameter of 1 iwt, 

.4 — hot tom diameter of head 
top diameter of head 
B - thickness of head 

A ■--- 1.75 x 1> 
li - 0.0,175 X I) 

(' o O.K75 X J) 


of a 
rules 


11. Determine the length of the side of the largest square 
that can be cut from a circular piece of galvanized iron that 
measures 5 in. in diameter. 

12. What should In: the inside diameter of a brass pipe in 
order to have it just lit over the end of a hexagonal bar, meas¬ 
uring 2 in. across the Hats? 

13. What are the dimensions 
of a square block of melal that 
will just fit. into the hole in (he 
steel ring shown to the right? 

Make a drawing of a 2.501 Pin. 
circle and lay out such a square. 

14. If a cubic fool, of water weighs 62.425 lb., what, is the 
weight of water in a tank containing 120 ru. ft. of water? 

15. A quart of water weighs 2.OK lb. What is the weight of 
water that will fill a 12-qt. pail? 

16. A wooden flagpole measuring 7 in. in diameter is to be 
reinforced by fastening an iron band around its circumference, 
Allowing 2 in. for lapping the ends of this band, how long 
should the strip of iron be? 

17. Lead is 11.37 times heavier than water. What is the 
weight of a cubic foot of lead when a cubic foot of water 
weighs 62.425 lb.? The answer to this should be carried to 
the third decimal place. 
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18. A sheet-metal apprentice lias the job of making an 8-in. 
smoke pipe for a furnace. This pipe is to be made of ga |. 
vanized sheet iron and 1 in. is to he allowed for the lap joint 
What should be the length of this material before it is bent 
into the 8-in. circle? Use one decimal place in the answer. 

19. Calculate the weight of the following shipment of 
material: 

12 pcs. |-in. round steel 141 ft. long 
5 pcs. 2 -in. square steel 9 ft. long 
2 pcs. |-in. round brass 8 : J ft. long 

The j-in. round steel lists at 1.502 11). per foot. The |-in, 
square steel lists at .85 lb. per foot. The J-in. round brass 
lists at .175 lb. per foot. The answer to the above problem 
should be carried to the third decimal place. 

20. A cubic foot is listed as containing 7.48 gal. On this 
basis calculate the number of gallons in a tank that contains 
12| cu. ft. 

21. What is the weight of a bar of 1-in. square iron that 
measures 6f ft. long when this stock weighs 3.33 lb. per foot? 

22. Flat brass stock that measures 1 ft. wide is listed as 
weighing .34 lb. per foot of length. At this rale what is the 
weight of a roll that contains 55 ft. of this stock? 

23. After slitting 3 pieces each 1.1875 in. wide from a metal 
strip 6 in. wide, what is the width of the piece remaining?* 

DIVISION OF DECIMALS 

In dividing decimals, divide the same as in whole numbers, 
forgetting about the decimal point until the operation of divi¬ 
sion is completed. 

To properly locate the decimal point, count or point off 
from the right-hand figure in the quotient, as many places as 
the number decimal places in the dividend exceed those in the 
divisor. 


♦Answers to these problems will be found on page 106. 
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Example 1: 

Divide 92.307 by 8.7. 

Solution and Explanation: 

8.7)92.3O7n0.rtl 
87 
5 3d 
5 22 
87 
87 

Dividing these as ordinary whole numbers the result ob¬ 
tained is 1061. It is seen that there are 2 more decimal pl.ee, 
in the dividend than then' are in the divisor. Consequently 
two places are pointed off from the right of the I.jm figure in 
quotient. This gives 10.61 as the e.orreet quotient, 

In cases where there are not as many decimal place j„ 
dividend as in the divisor, add zeros after the la- f Injure in 
the dividend unfit the decimal places in the dividend ,-pvu/ 
those in the divisor. Then proceed with the divi. hm a, above 
explained. 

Should there he still not enough figures in the dividend to 
begin the division, add more zeros. Such additional zm., 
after the last figure in the decimal, as has been explained, do,-, 
not alter the value of the decimal. 

Example 2: 

Divide 3.14 by 5.(124, 

Solution and Explanation: 

5.024)3.14000ii(.625 
3 0 DU 
~'l 25(i(i" 

10048 

35120 

25120 
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- ■ 

rile first step in this division is to add om. c 

figure 4 in order that (here mav he as n.anv of, ^ the 
dividend as in the divisor. Hut even with (Ids addition ‘“r ^ 
zero there are still not ennu,d, Inures in the divide 21"* 
able the division to be started. Acmrdimdv more 
added as shown, ’ -tins are 

After the division has been ennipleied it is found tint n 
are s lx places m the divide,,,1 and three in the divis r ^ 
is, there must be three places pointed off in , h( f hat 
counting from the right. This locates ,lu d !«* !l ^ 
front of the figure 6 as shown. ' pou,t » 

As a result, 3.14 divided by .5.024 equals .625. 

Should the divisor be a whole number, the division t 
ned out in the same manner as above, care being Riveil ‘f 
proper location of the decimal noint Snot, r • to the 
‘rated in the following cxempje. .. Udl ’ s ®»- 

Example 3: 

Divide 3.24 by 90. 

Solution and Explanation; 

90)3.240(.036 

2 70 
540 
MO 

in tlm divisor ™ - "» 

be inserted in trout ot the %„!e 3 jj'"*, one zero must 

placed in front of thic ^ ■ * u ‘ du.inml point is then 

•he result X ^17°' <-036 as 

proven“ymuTtWvfnld ™ 10 " 5 ”' th " ki,,d readily he 
Frequently the ££££££ ™t ST.”' Z't 
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dent may be at a loss to know just; whore to slop the proc- 
S and still have a result that is sufficiently accurate. 
e 'Yhe number of decimal places to width ;l quotient should 
, alT ied is largely determined by the trade, practice to which 
y problem relates. For example, it would be difficult to 
vork to a thousandth part of an inch on woodworking jobs. 
On the other hand it; is common practice to work to the tliou- 
andth and to even the ten-thousandth part of an inch in the 

machine and tool making trades. 

Sometimes it is stated definitely m (Ik; problem how many 
places are required in the quotient. In any case, the farther 
the division is carried the more accurate will be the. result. 

However, in the problems that follow it will be sufficiently 
accurate to*continue the. division until there ant Hirer decimal 
places in the quotient, unless otherwise staled. 

How such division affects the accuracy of the result; nmy be 
more clearly understood by a discussion of the following. 

Example 4: 

Divide 1.5 by 8.721, carrying llm quotient to 4 decimal 
places. 

Solution and Explanation: 

8.724)l.5oniH)(l(l(,.t71 l > 

872 1 

o.r/fiu 

Oltl(iS_ 

"Iqudii 
8724 
Slbwi 
7 8 Sid 
lull 

When a remainder oceuis after tin* last division it is the 
general practice to increase the last figure in the quotient, by 
1 if that remainder is equal to one halt, or more than one half, 
of the divisor. This slight, inn'cir-e brings the result nearer the 
exact quotient. 
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If the remainder is less than one half of the divisor, the 
original quotient is not changed. 

The application of this rule may be further illustrated by 
assuming that the above division were to be carried to only 
the third decimal place. 

After the third division has been completed it is noted that 
the remainder is 8196. As this is greater than one half of the 
divisor, the figure in the third decimal place of the quotient 
would be increased by 1. The original quotient .171 would 
then become changed to .172 which as may be seen is very 
nearly equal to the quotient that was carried to the fourth 
decimal place. 

If only two decimal places were required in the quotient 
the answer would be .17. This would be the correct answer 
to two places as the remainder after the second division is less 
than one half of the divisor. 

How this practice applies to the division of whole numbers 
is illustrated in the following problem where the quotient is 
to be carried beyond the usual number of places. 

Example 5; 

Divide 215 by 46, having the quotient correct to 4 decimal 
places. 

Solution and Explanation: 

46)215.0000(4.6739 
184 
31 0 
27 6 
3 40 
3 22 
180 
138 
420 
414 
8 



DIVISION OF DECIMALS 99 

In beginning this division a decimal point is placed after 
figure 5 in the dividend and enough zeros are added to the 
dividend to give the four decimal places required in the 
quotient. 

After carrying out; the division as requested there results 

4.6739 as the quotient. As the final remainder, <S, is less than 
one half of the divisor, 46, the last plane in the quotient re¬ 
mains in its original form. 

The quotient obtained in dividing 215 by 46 therefore is 

4.6739 when carried to four decimal places. 

Problems Involving Division of Decimals 

1. Solve the following, giving results correct to the third 
decimal place: 

Divide two tenths by eight and two tenths. 

Divide four and ninety-five hundredths by fifteen 
thousandths. 

935.06 4- 2.25; .064 1.2K; ,U .005. 

2. A gallon of machine oil weighs 7.56*lb. Allowing 16 lb. 
for the weight of the can in which it is kept, how many gallons 
would there be in this can if partly filled with such oil arid 
weighing 128.5 lb.? (live the answer correct to 2 decimal 
places. 



'll 

[ Vte.u I'i'itfi j 

3. In spur gears such as that shown, the depth of the. gut. 
which forms the teeth of the gear is equal to 2.157 divided by 
the pitch of the gear. 1 his depth is expressed in inches and is 
usually carried out to the fourth decimal place because of the 
accuracy required in const meting gears. 
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According to the previous rule, what is the depth of 
teeth in a set of lathe gears which have a pitch of 16? w [ e 
would be the depth if the pilch were. IS? Vhat 

4. What is the depth of the teeth on a special g ear 0 f 
pitch as used on a milling-machine attachment? ' ' 

5. No, 10 copper wire measures ,11.82 ft. to the n OU H 

How many pounds of wire an* there in a coil containing i7< 
ft. of such wire? The answer to (his problem is to he rJL 
to two decimal places. c 

, 6 ; A box " f \~ in ' bolts weighs 80.5 lb. The box alone 
weighs 4 lb. To determine how many bolts there are in th 
box, the boy who is assigned to the job o{ counting them find! 
that 5 of them weigh 0.3 lb. „ lis weigh, hVXta 

the number of bolts in the box. How many am there? 

i Jn 0CtaE ,° n f Sted aS lUSCfi “ l inakit| K fold chisels, weighs 
1.86 lb. to the foot. Use this figure in determining how many 
feet there are in an octagon bar weighing 21 lb. and carry th 
result to 2 decimal places. 

8 Calculate the diameter of a water tank that measures 

24 ft. in circumference, giving the result correct to 2 decimal 
places. 

9. What is the diameter of the largest: circular hoop that 
can be made from a strip of thin band iron 36 in. long? An 
a ow ance of 1 in. is to be made for joining t he two ends to- 

peaces' he anSW6r t0 thiS !S t0 bu «* r rect to two decimal 

10. A tank partly filled with oil weighs 216 lb. At various 
? U " ng th . e ^ cck anl0Ll,UH were drawn from the tank so 
e L °U hC WCGk il weighed 134 lb. If this oil is 
h t d as weighing 7.75 lb. per gallon, how many gallons were 

mal P t:: g 1 timG? GiVC the correct to 2 deci- 

len!ih B p SS r °o 1 in ‘, In diameter weighs 2.85 lb. per foot of 
■length. Prom this calculate the length in feet of a shipment 
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frilia stock weighing 128.25 11). Tin- ‘luotienl « riin i( ‘ <1 
to only one decimal place. 

12 steel that measures 1 in. thick ami U in- is listed 

U '... , ok lb net font of length. 1 vvo brackets made 

^mlis'ltock weigh 22 lb. I low many feet of material are 
there in these brackets? 

Mo, 14 copper wire is listed as weighing 1.2.44 lb. per 
1 000 ft Determine how many feet t.f this si/.e wire there are 
in a coii that weighs 20 lb. One decimal place is suilieicul m 

this answer. 

14 How many feet of 1-in. brass lubi.it; in a bundle of odd 
lengths of such tubes that, weighs 21.a lb.? 11ns sue tube 
weighs .70 lb. per foot. 

15, Cold-rolled steel one inch in diameter, weighs >.<18 lb.. 
pe r foot length. At this rate, how many feet, are there m a 
bundle of such bars weighing 201 lb.? 

16. A piece of 2-in. seamless brass tubing weighs 21 lb. If 
this tubing weighs .20 lb. per foot of length what is the length 
of this particular piece?" 


CHANGING FRACTIONS TO DECIMALS 

In certain calculations it sometimes becomes necessary to 
change fractions to their equivalent decimal forms. 11ns is 
readily accomplished by dividing the numerator of tlm Irar- 
tion by the denominator. 

The process is carried out by placing a decimal point aflei 
the number which represents the numerator and adding zeros 
beyond the point. This number is then divided by the denom¬ 
inator, The quotient is pointed off in tlu> usual manner. 

How this change is made is illustrated in the following 
problem. 

Answers lo 1 licsc. pnililems will be tminU mi |>,ir:e tun. 
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Example! 

Change ^ in. to its equivalent decimal form. 

Solution and Explanation; 

16)1.0000(.0625 
96 
40 
32 
80 
80 


That is in. changed to decimal form equals .0625 in. 

Should the division not come out evenly when reducing 

factions to decimals the same process is followed as explained 
on page 97. ^ ailu - Q 


CHANGING DECIMALS TO FRACTIONS 

To change a decimal to its equivalent fractional form write 
the decimal as the numerator omitting the decimal point The 
denominator of this fraction would then be equal to a number 

be V te n nth h H 0m !T ti0n ° f ^ 0ri K inal decimal - whether it 
e tenths, hundredths, thousandths, or such. The fraction is 
then reduced to lowest terms. 

This is illustrated in the following example. 

Example 1 ■ 

What is the fractional equivalent of .625 in.? 

Solution: 

.625 = 

Reducing ^ to lowest terms, it becomes f. 
that is, .625 in. equals f in. 

the dectad ™“ f mb ' r ) S inClUded Wlth treat on], 

with the whole aum£° V Thi ranltinB fracti “ 

result of this change. ' h e ‘ Ve “ nl ”‘“ l " u,nbcr “ the 
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Example 2; 

Reduce 5.375 to fractional form. 

Solution and Explanation; 

Changing tlu* decimal portion to a fraction ami reducing to 
lowest terms it becomes: -I'l i-« 

Combining i! with tin- whole number 5, there results 5^, as 
the fractional equivalent of 5.375. 

Problems Involving Changing Decimal and Fractional Forms 

1, Change to their equivalent fractional form: 

0,625; 1.750 in.; 4.125; 0.(10375 in.; 0.03125 in. 

2 . Change the decimal .575 to a fraction whose denom¬ 
inator is 56. 

3. How many 52nds of an inch in .H75 in.? How many 
I6ths of an inch in 3.125 in.? How many tilths of an inch in 
.9375 in.? 

4, Reduce the following to fr actional form: 

3,875; 1.03125 in.; .3450; 12.250 in.; 4.5025; 748. 

5, Change .125 to 72nds; .875 to With ,; .750 to 2H(1 ih; .8 
to35ths; .43750 to Moths; .28 to 75th ,. 

6. Redraw the following changing all dimensions, including 
the total length, to tractioii.il lor in. 



d 

!« 
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7. In the following drawing change all decimal dimension 
including the total length, to equivalent fractional l' onn nS| 



8. Redraw the template 
including those indi¬ 
cated by question 3so-- 
- narks, in lowest frac¬ 
tional form. 

9. A small steel pin 
has its diameter ex¬ 
pressed as 0,234375 in. 

What is the equivalent 
of this dimension in 
fractional form? 


below giving- 


dimensions, 


- /- S375 - 



■f. 937S- 


-3. /a 75 - 


_ ^he following drawing shows 
view of a bearing. This was sent to 


a front view and a side 
a patternmaker so that 






changing decimals to fractions 105 

might build a wooden pattern (mm which - ever;,I canine. 
^ to he made. The large decimal dimension.. ■•miewlui 
"^Tused the patternmaker and h<‘ wa- obliged to reduce them 
to"fractions. What is the finctiomd e.piivalent of the-.* 
dimensions? 

11 Wrought iron 1J in. in diamefci 7, lin.-d a. weighing 
409 1 b. per fool of length. What m the weight <«f a bar n! 

such iron that measures 1 2^ It. h'it.;? 

12 A boy who is learning hi tiailc in a ma« liitte shop i~. 
given a piece nf stuck i in. in diameter to turn down m } in. 
in diameter. His first cut a. m- the piece iedu.es tin* tli.un 
eter by 0.08 in- He then hand- the piece to hi . L'lcman a*, 
finished. Is the juh done e.-ire, ilv? Win ? 

13. A special arbor niea-ntrim.’ 1.4.15 itt. in diameter r, placed 
in a cylindrical grinder where it. di.under i, tedtned in. 
What is the. diameter nf t hr ml no al nt t he grinding oper.tt imt ? 

14. Add the following: > 1; 2- ,| ‘ 1 '; 2; T tin. : 5!,. 

15. Redraw the following sketch vivim; all dimension'- in 
their correct fractional lot in. 





16. Change tile followin'.: decimal dmien ioie- to tin* t.ea; 
est 32nd of an inch: 

.8,37; .,115; .188 .45*; .71.1 

Do not use a decimal e.jimalent table.’' 


‘Answers In lIrene |>n>l>li*nci v.iU It i.mn.i >.n Jut. 
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Pages 90 94. ANSraS T ° ™ OBLEMS 

1 liwsi. 13 ' 3832161 IJ7M25 ' J ' n726 '' " 2 «8202;6Sl.a 

iuESfc f- *-■ 

5. 1.7675 in. o 3 c • 

9. (a) 0.65625 In.; (b) 0.28125 in ‘ ( a ) 0 «7s ; n n\ a „ 
if' 3 a S35 in 5 in ' : W 0,46875 in ' ; (0 0 4375 in. ’ ( } °' 37S in ' 

13 ' l'767?‘- 18. 26.1 in. 

1A 7401 lh ln ' 19 ‘ 302 *< 5 61 lb. 

S oV.K 20. 93.5 lb. 

16 23 9912 in 21.22.4775 1b. 

17 7 no 779 IK 22 - 18 ' 7 lb. 

17. 709.772 lb. 23. 2.4375 in 

Pages 99 to 101, 

l:fiiif£ ils - ss2: - m66 °- 
!: S:iltIiS: :01I9S in - ?: ? 5al ' 


9. 11.14 in. 

10. 10.58 gal. 

11. 45 ft. 

5. 3.93'lb,'“' i?’ 

6 . 1425 bolts. 11 ' i fu 1 ft - 

7. 11.29 ft. 4 - 

8 . 7.64 ft 15 - 75 

p * , 16. 9.03 ft. 

10J to 105, 

1- fm.; If in.; 4|> in.; A in.; 6* in. 

A, 50 * 

3. 28; 50; 60. 

1-V !;•: |.,VV 2|| in. 

4fJ in. ” ’ * In ” 2 S J in.; £ i n .;*j in.; 

tit in.; A i’n.flX'i’n in '' ^ m ' : ^ m,: “ * n,; «' in.; i.in.; 

9. if in. dia. 

1?: Spirit 13 m,; 1A in ' : 3 * in -; i i»'i Si in. 

1 ! 

14. 25.4355. 

’«■ «”*?«;«!«in 1 in ' : “ in ' : * in ' ; * I"-: i i» : 1 


“3f in* I 6^ in. 


tVV-li :n.; m in. 

2 .i 2 in,; v in,; 4a in.; 
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DECIMALS 

Review Problems in Multiplication and Division of Decimals 
1, Divide 3.872 by 6 [. 

Divide 8.75 by .063, to four decimal places. 

Divide 4.1 by .035. 

Divide 1 by 87.1, to five decimal places. 

Divide .01875 by .625. 

Divide 1.125 by 10.3125. 

2 Reduce to their complete decimal equivalent'., the fj ac¬ 
tional parts of ail inch from 0 in. to 1 in. by -iMeeiub-, a" 
found on the ordinary foot rule. 

3, The following drawing was sent; to a toolmaker with ret- 
tain necessary dimensions missing. On this sketch which was 
returned to the drafting room for collection, these mining 
dimensions are indicated by the question maiks as -howii, 
Redraw this giving all dimensions in fractional form and 
supplying the indicated missing dimensions. 



4, A cubic foot of water is listed as weighing n,!.4.K lb. At 
this rate what will be the weight of a bueketlul of water if the 
bucket alone weighs 3J lb. and contains \ eu. ft./ 

5. A steel bar 1 in. square measures in. long, f rom it 
are cut 5 pieces, each measuring 1.120 in, in length. Allowing 
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s in- for the width of the. cutting tool, how much slock is u 
of the original bar after the cutting is done? 

6. The circumference or the distance around a circle equal 
3.1416 times the diameter of the circle. According to thi* 
what is the length of a thin sheet of fiber needed to cover th* 
entire face of the pulley in tin- following drawing? The answer 
to this should be carried to the - second decimal place. 



7. A machine apprentice who has the task of checking 
weights of stock finds one bundle of Hat strips of iron that 
weighs 117 lb. This stock is listed as weighing 0.52 lb. per 

foot of length. How many feet of stock should there be in 
this bundle? 


8. A shop order calls for 320 pins as per the following 
drawing. These pins are to be made on a turret lathe, and 
8 in ‘ 1S added for finishing and cutting off each pin. The stock 
for these weighs .125 lb. per inch of length. What is the total 
weight of the stock used in making these pins? 



./as 


MONEY 


Wages, purchases, 
costs, estimates, 




Calculations involving tin* use of mouev enter info fin* 
daily liws of practically (‘very one of us a.- we go ahoul oilr 
affairs, whether we are students, workmen, householders, or 
businessmen. 

Because of this it is very important that one have ;u least 
a working knowledge of those elementary calculations com- 
monly used in buying, selling, lm.dntvs 1 rain-,art ion, and 
employment. 

The unit of the money system in the failed Slates is (lie 
dollar. This is subdivided into the following •mailer units, 
each amount being represented hv its ow n coin: 

The l-cent piece, or penny, which equal** of a dollar. 

The 5-a*»t piece, or nickel, which equals of a dollar. 

ThelO-cent piece, or dime, which equal - ot a dollar. 

The 25-cunt piece, or quarter, whit h etjuah. f',,';, ot a dollar. 

The 50-cent piece, or half dollar, which equals of a 
dollar. 

There are also larger multiples of the dnllai, as two dollars, 
live dollars, ten dollars, twenty dollars, and so on. These 
larger divisions make i( convenient in handling large sums. 
They are usually issued in the note or hill lorm. 

The symbol used in writing amounts of money is tin* $, 
known as the dollar sign. Il is placed just in front of the 
figure, or figures, representing the number of dollars, as $25, 
which is read "twenty-five dollars." 

The writing of amounts of money resembles tlu* writing of 
decimals, The decimal point is used m separate dollars from 
cents, and is placed directly after the number representing 
dollars, as in $5.15. 

If the amount is less than one dollar, the decimal point is 
placed in front of llie "cents" only when the dollar sign is 

111 
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expressed, as in the amount forty-eight cents, expressed $0,48' 
or the amount six cents, expressed SO.06. The use of the zero 
before the decimal point is to indicate that there are " no 
dollars” expressed. 

As seen, the first figure to the right of the decimal point 
represents tenths of a dollar, or dimes. The second figure to 
the right of the point represents hundredths of a dollar o r 
cents. 

The correct manner of expressing amounts of money is ill Us . 
trated below: 

Two hundred four dollars and seven cents is written: 
$204.07. 

Twenty-one dollars and twelve cents is written: $21.12, 

Four dollars and thirty-two cents is written: $4.32. 

Five dollars is written: $5.00, or $5. 

Fifty-six cents is written: $0.56, or 56(5. 

Nine cents is written: $0.00, or 9(5. 

Twelve and one-half cents is written: $0,12 1, or 12£(5. 

The sign (5 indicates cents, and is quite often used in amounts 
less than one dollar where it is desired not to express the 
dollar sign. However, when the sign (5 is used, neither the 
dollar sign, $, nor the decimal point should be used. 

It is not correct to express seventy-two cents as $0,72(! 
because the cent sign ((5) when used, takes the place of the 
dollar sign, the decimal point, and the zero before the deci¬ 
mal point. 

Correctly expressed the above amount should be either 
$0.72 or 72(5. 

For the same reason amounts like six and one-half cents 
would not be expressed as $0.06.^, but rather $0.06£ or 6^, 
the latter being no doubt preferred. 

Problems Involving Expression of Money 

1. Write in words the following amounts: 

$5.32; $0.19; $364.08; $0.07; 23(5; $1.12’?. 
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money 

2 Examine the following amount-; and write eomwllv 
those that arc not properly expressed: 

$.72; $ 0 . 1 ( )e; ST.M; M>r. 

3 A plumbing apprentice i- sent nut by hi- nuiployir to 

base a SI1Kl || brush .uni a roil of copper witc. lie asks 

the boy to write out the com of eaeli item on a -lip of paper 
and place it on his desk when he ivturns. The brush costs 
seven cents anti the win* cost;, twenty-three cents. Write out 
a statement similar to what the apprentice should give his 
employer using figures to express the amount of each item as 
purchased. 

4, Upon accepting a job as a helper in a garage a boy is 
told that he will bo paid at. the tate of two dollars and twenty 
cents per day. How would he express this amount: iti futures/ 

5 . Express in figures: four hundred ei.dnt dollars and 
seventeen cents; thirty-two and one-half tents; nine dollars 
and nine cents; eighty-seven and one half omf ~; six cents, 

6 , Ahoy, who works in a shoe stoic alter school hours, is 
paid one dollar and eighty tents for wot lain: two afternoons. 
How is this amount expressed in hguie-/ 

7, After being employed one week ,o. an apprentice, a 
young man received seven dollats and eighty lour cents, flow 
was this amount expressed in tigme . on his pay envelope/ 

8 . In purchasing items lor a shot! -wave tadio set an ama 
teur operator finds that one tube co.it. niucty-ftve cents; a 
transformer costs one dollar and a ipiaitei ; a condenser costs 
eighteen cents; another conden-er com-, thirty cent-; and it 
trimming condenser one dollar and u half, llnw would these 
prices be expressed in figures/ 

9. A hardware price catalogue show-, the following prices: 
hinges seventeen cents; sco ws hutv cents per box; window 
lock thirty-five cents; special door lock otic dollar and tweiilv 
cents;screw driver a quarter. Id a these puir .in ligores. 
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10. A young man at work in a factory received the follow 
mg pay during the four days lie. worked there: 78fi; $ 2 . 35 . 
$1.90; $2.05. How would each of these amounts be expressed 
in writing?* 

Addition, Subtraction, Multiplication, and Division Involving Money 

Numbers representing amounts of money are added, sub. 
tracted, multiplied, and divided the same as decimal numbers 
In adding and subtracting, care must he taken to see that 
the decimal points and figures line up properly. The decimal 
points should lie in a vertical line, thus placing dollars under 
dollars, and cents under cents, as shown in the examples below, 

Example Illustrating Addition and Subtraction Involving Money,- 

To equip his chest of tools a young man spent $1.50 for two 
planes, 34 cents for a hammer, and $2.25 for two saws. What 
was the total cost of these items? A live-dollar bill was given 
in payment for these tools. How much change should the 
young man receive? 

Solution; 

Cost of planes $1.50 

Cost of hammer .34 

Cost of saws 2.25 

$4.09 ~ total cost. 

The amount of change to be returned would be equal to the 
difference between the cost $4,09, and $5. This works out as 
follows: 

$5,00 = amount of bill given in payment 
$4.09 = cost of tools 

$0,91 = change to be received from the $5 bill after paying 
for the above tools. 

Example Illustrating Multiplication Using Money; 

To complete a job of tinning a roof, a tinsmith purchases 
5 lb. of solder at 35^ per lb. If he pays for this with a $2 bill 
how mu ch should he receive in change? 

^Answers to these problems will be found on page 118. 
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Solution and Explanation: 

If 1 lb of solder costs 35 cents then 5 lb. would cost 5 times 
that amount. This works out as. 

.35 

5 

SI .75 cost of the solder. 

The amount of change to lie returned is equal to the differ¬ 
ence between this amount. $1.ro, and the $2.00, oti 

$ 2.00 
1.75 
S .25 

That is, the amount of change returned from the $2 bill in 
making the above purchase, is SO.25, or 25i. 

Example Illustrating Division Using Money: 

A young man building a short-wave radio set finds that he 
can purchase from a secondhand dealer the kind of wire lit* 
needs at 8(i per pound. After school lie goes to this dealer 
with a 50-cent piece intending to purchase all he can for that 
amount, How many pounds of this wire can he purchase? 

Solution and Explanation: 

If each pound cost 8 cents then he can buy as many pounds 
for 50d, as 8f! is contained in 50( t . 

This would be expressed as .50 .08, and would be worked 

out as follows: 

.08).50 00(6.25 
48 
20 
16 
40 
40 

That is, he can buy 6.25 lb., or 6£ lb., for the 50fi. 



116 APPLIED MATHEMATICS 

General Problems Involving Money Calculations 

1. An apprentice in ;i machine shop is paid at tl ie rate , 
22 cents per hour. On Monday and Tuesday he put in s °! 
hr. each clay. Wednesday he worked 7 hr., and Thursday J 
worked 9J hr. He did not work .... Friday hut put iu 4 J n 

Saturday. How much pay should he yet in his euvclone'fnr 
that week? 1 ' r 

2. A bar of iron J in. in diameter weighs 1 .V lb p cr f on i 

length. What is the cost of 40 ft. of such stock at 3 U ° 
pound? ' 1 r 

3. During his summer vacation a boy earns §5.75 each 

week for nine weeks. When he is about to return to school 
in the fall he spends $3.50 for shoes, 75^ for a cap, §14.50 
or a suit of clothes, and after paying out $9.28 for school¬ 
books and supplies, he puts what is left in the bank. How 
much money did he earn during his vacation? How much 
money id he spend out of his earnings? How much money 
did he put in the bank? y 

4 ; T^, lr0 il^ asti . UgS usod in maki "K a small steam engine 
we,Eh 26 lb. What i s the cm ot this n.aterial it the JL 
are bought at the rate of 8}f! per pound? 

5. To excavate for the building of a shed, 14 cartloads of 
dirt were haided away The excavating and hauling costs 

tlm' used M b n, Ca i . ° ad WUS S0,d at « 2 - 25 L‘> a contractor 

was tho p ' 1 inS 111 a ldeCG * and ‘ ** ow much profit 

was there in this transaction? 1 

This"nt SpeCial M b ° f Printing rec l uireH 5i reams of paper. 
W cents' ^ S ? M f at f- 50 ream, but an extra charge of 
made for breaddng up a ream in order to get the 

* r quued - What is the total cost of this material? 
7. On a plumbing job 6 bars of solder each weighing H 

what"iS a th e w r: r d - “ the soidcr 42^^ 

Avhat did the total cost of the 6 bars amount to? 
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g If while lead for painting purpose-, is quoted at 14c per 
pound, whal is the cost of a ran coni.lining Kill 11*.? 

9 A hoy aspiring to bemme a carpenter purchases 42 ft. 
of lumber with which tu luiild Mime shelves in his mother's 
kitchen. The luniher costs him ‘>'c per font. To pay for this 
the mother gave the Imv two .’dollar hills. flow much change 
is there coming to the hoy after he pays for the lumber? 

10 The daily time-clock caul of a \wukmun shows that he 
has put in 46 hours of work during the week. He is being 
paid for tins at the rate of d7Je per hour. When he opened 
his weekly envelope he found it contained $16.85. Although 
he could not figure out the proper amount, he felt that this 
was not the correct pay. Whal should he have received in 
his envelope? 

11. An apprentice in the machine shop is paid at an hourly 
rate of 22 Jf. In one week he works d days, K hours each day. 
The balance of the week he works on piecework and turns out 
148 machine holts at 2<Jc a holt. How much should there be 
in his envelope for lli.it week? 

12. To paper d rooms in a house there are needed 20 rolls 
of wallpaper. Might of tlu-se rolls cost 22W each, 10 cost: 16p 
each, and the balance cost 12',e each. What, is the total cost 
of the paper used on this job? 

13. On an automobile trip, 8 gallons of gasoline were used 
up to the time of making the first stop. At this stop 12 gal¬ 
lons more were taken on. The ,H gallons cost: 17(5 per gallon, 
and the 12 gallons cost 18io per gallon. What was the total 
cost of the gasoline purchased? 

14. A carpenter takes 51 hours to build a small cabinet for 
use in a kitchen. lie charged for his work at: the rate of 80ji 
per hour. The material used in building the cabinet cost $2,18. 
What is the total cost of the cabinet as completed? 

15. An apprentice is given a S5 bill with which to purchase 
for shop use, 4 dozen bolts at 15c per dozen, and 8 ft. of lead 
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pipe weighing 14 lb. at 9Id per pound. How much does his 
purchase amount to? How much change should he return t 0 
his foreman? 

16. At the rate of 8.Jd per pound, how much will 5 reams 
of paper cost, each ream containing 60 lb.? 

17. A young man working in a machine shop is paid at the 
rate of 46(4 per hour. During one week he works on regular 
day jobs 32 hours, and in addition he put in 8 hours overtime 
for which he is paid time and one half. He also works on 
piecework and turns out 850 machine pins at 32 cents per 
hundred. What are his wages for this particular week? 

18. A carpenter is paid at the hourly rate of $1.05 per day 
of 8 hours. At this rate, what are his weekly wages if he puts 
in 44 hours per week? 

19. At $4.40 per day of 8 hours, to what will a workman's 
equivalent hourly rate of pay be equal ? 

20. On an automobile trip from Newark to Atlantic City, 
a young man purchased 2 quarts of oil at 24d per quart and 
12 gallons of gasoline at 16$(4 per gallon. What was the total 
cost of oil and gasoline purchased oil this trip? 

21. A price of $27 is quoted for the construction of a 60-ft, 
fence. What is the price per foot of length?* 

ANSWERS TO PROBLEMS 

Pages 112 to 114. 

1. Five dollars and thirty-two cents; nineteen cents; three 
hundred sixty-four dollars and eight cents; seven cents; 
twenty-three cents; one dollar and twelve and one-half 
cents. 

2 . $0.19 or 19jd; $0.39 or 39(4. 

3 . Brush 7(4; copper wire 23d. 

4 . $2.20. 

5 . $408.17; 32|(4 or $0.32$; $9.09; 87$(4 or $0.87$; 6(4 or $0.06. 

6 . $1.80. 

7. $7,8 4. 

‘Answers to these problems will be found on page 119. 



, 95ji; $1-25; 18rf; 3 ( )c; -S1.5U. 

' % 40d;35d;S1.2'l;^,. 

' Seventy-eight <ents; ,w " ,1 " IUrs 
„ne dollar and ninety <ei 
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thirty-live rents; 
and five cents. 


Pages 116 to 116 - 
1 , $ 8 . 25 . 

3 1 |s’l 2 75; S28.03; S23.72. 

4 $ 2 . 21 . 

5. $700. 


7 $ 3 . 78 . 

8 , $ 21 . 00 . 

9. U' e 

10 . $ 17 . 25 . 

11 . $ 9 . 47 . 


12. SI. -Hi. 

13. £3.5X. 

14. 

15. Sl.'M; $3.07. 

16. $25.50. 

17. $22.%. 

18. £10.2(1. 

19. 55c. 

20. $2.40. 

21. 45f. 


Review Problems Involving Money Calculations 

1, How would you express in futures the following: 

Sixty-four dollars anti nine cents; thirty and one-half rents; 

one hundred two dollars and seven rents; live dollars and two 
and one-half cents; six rents. 

How would you express in writing tin* following amounts: 
42(1; $0.09; \\ S1.01; SI H>.71; £25.25. ' 

2, How much change should a hoy yet in presenting' a S5 
bill in payment for a pair of overalls at £1.35, and a work 
shirt at 75(1? 

3, A boy's uncle gave him $2 anti told him to divide it 
equally among his three younger brothers after takiny out 
65? for himself. How much did each of the three younger 
brothers get? 

4, A carpenter, paid at the rate of 9,5c per hour for an 
8-hour day, is assigned to u jolt that is scheduled to run 24 
days. What should he his earnings for this time? 

5, At 4(*. per pound, how many pounds of nails may be 
bought for 75(<? 
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6. A boy working after school hours keeps the following 
record for one week’s work. What are his net earnings f 0r 
the week? 

Monday —Runs 4 errands @15)1 each. 

Tuesday .—Works in grocery 3 hr. @ 20 ff per hour. 

Wednesday—Mows lawn and trims hedge; 7511, 

Thursday —Works in grocery 3 hr. @20)1 per hour. 

Friday —Waxes and polishes automobile $1.25 (paid 
50)1 for polishing materials out of this). 

Saturday —Works 9* hr. in grocery @ 20<4 per hr. 

7. In checking over the material needed to make a special 
size screw, it is found that it takes exactly 1 lb. of stock to 
make six of these screws. If this material costs 5^ per pound, 
what is the cost of the material necessary to make 120 screws? 

8. What change does a boy receive from a five-dollar bill, 
after purchasing 14 knobs at 5)4 each; a coil of wire 12(1; 6 
cleats at 3?1 each; and a soldering iron $1.30? 

9. A factory worker turned into the time office the follow¬ 
ing time ticket. What does he receive in his weekly envelope? 

Monday —8 hours @ 38)1 per hour. 

Tuesday —9§ hours © 38f! per hour. 

Wednesday—Piecework—480 pieces @ 75(4 per hundred, 

Thursday —Piecework—410 pieces @80)1 per hundred. 

Friday —Piecework—400 pieces @75)1 per hundred. 

Saturday —4 hours @ 38)1 per hour. 

10. A boy wishing to learn the patternmaking trade accepts 
a job, at $2,40 per day of 8 hours. The first day of his em¬ 
ployment he starts to work at 9:30 a.m. and quits at 5 o’clock 
in the afternoon, having taken one hour from 12 to 1 foi 
dinner. What is the amount of his first day's wage? 



PERCENTAGE 

Discounts, profits, 
trade discounts, 
losses, averages, 
efficiencies, ratings. 




Percentage 


Calculations in percentage have to do with determining 
amounts or rates of increases, decreases, gains, losses, dis¬ 
counts, averages, efficiencies, and the like, The process is one 
of computing by hundreds and is somewhat like processes 
already covered in fractions and decimals. It. is frequently 
referred to by the: word per rent which means by the hundred. 
The symbol for per cent is %% 

To illustrate: 

Twenty-four per font is expressed as 24%', 

Three and one-half per cent, is expressed as 3J%. 

To be used in calculations, the number representing the per 
cent should be changed (<> decimal form, This is done by 
substituting the word hundredths for the per cent sign, %. 

Thus, 24% would first lie changed to 24 hundredths. Ex¬ 
pressed as a decimal 24 hundredths is .24. In this manner 
24% changed to decimal form becomes .24, In this final form 
it may be used in calculation*. 

Should there already be a decimal [mint in the given per¬ 
cent, the change to decimal form would be accomplished by 
moving the decimal point two plans to the left of its present 
position, 

For example, in changing 37.4%, to decimal form it may 
first be expressed as 37.4 hundredths (thirty-seven and four 
tenths hundredths). The decimal point being already located 
in front of the figure 4, is then moved two places to the left, 
as explained. This puts it in front of the figure 3. As a result 
37.4% changed to decimals is .374, 

In the same manner 125%', changed to decimal form be¬ 
comes 125 hundredths, expressed in figures as 1.25. Also, 5% 
becomes .05; 2% becomes .02; .)%', becomes .00-J or .005. 

123 
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After being so changed to decimal form these n , 
used in calculations the same as ordinary decimals tv’* 

illustrated in the following examples. ' “ rtlSls 

Example 1: 

After a printer's apprentice had printed an order of Unn 
announcement cards, his foreman told him that it J 
sary to reject 15% of the or,let her.,use of fa„|, y 
ship. How many cards were rejected? na 

Solution and Explanation! 

There were a total of 1200 rant, printed. Of that „„ mb „ 

r%Z K "i T 1 ” p 1 rol ' l< ' m *“ r,nd wl « number cf 

the 1200 cards was rejected. 

Expressed simply, this amount is 15% of 1200. 

The word of as previously explained means times and indi¬ 
cates multiplication. The answer to this would therefore be 
found by multiplying 1200 by 15%. 

15% expressed as a decimal equals .15. 

Then, 1200 X .15 becomes; 


.15 
00 00 
12 0 Q 
180.00 


cards were rejected because of faulty 


That is, 180 
workmanship. 

Example 2: 

tord !T,!!' ter d ' Si ™ e a rule finds one listed in i 

disco^fw? 1‘ " th “ dis “ u " t » [ 1S %- With this 

discount what is the net cost of the rule? 

Solution and Explanations 

as listed^iTtn^ lc ^ rroc i nieans that the price of 60)!, 

as listed, is to be reduced by 15%. 
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To find the amount, of lhis reduction, take 15% of .60. 
This expressed in multiplication form becomes, .60 X .15, or: 
.6(1 
.15 
"ion 
60 

.(WOO • or Or reduction. 

That is, the price of 60c reduced by 15%, is changed by 
9 1 making the net cost, of the rule to the carpenter equal to 
60jf - 9fb or 51fi. 

Example 3: 

A hardware supply catalogue shows that a certain grade of 
a brass screw lists at S2 per gross. 'The discount sheet which 
accompanies the catalogue states that hardware dealers are 
allowed discounts of 60' <, 25' ,', and 10% from this list. With 
these discounts what is the net [nice of these screws to the 
hardware dealer? 

Solution and Explanation: 

This form of discount is referred to as trade discount. But 
it does not mean that there is a total discount of 95% (equal 
to the sum of 60%, 25%, and 10%) on the material in ques¬ 
tion. In such cases where trade discounts are allowed, the list 
price remains as originally stated, and the second discount is 
made after the first discounted price has been established. In 
the same way the third discount is made after the second dis¬ 
counted price lias been established. 

The discounts in the above problem are used in calculating 
the net price by first taking from the list price tire first dis¬ 
count of 60%. After this is done, the second discount of 25% 
is taken from this net amount, giving as a result the second 
discounted price. The net amount obtained as a result of this 
is the final, or vet price , to the dealer. 

This works out as follows: 

Determining flic first discounted price: 

2,00 x .60 1.20, or SI.20 as the first discount. 
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$2.00 - $1.20 SO.H() —die him cost after the fi rat dia 

count is taken. 

Determining the second discounted price; 

.80 X ,25 = .2(1, nr $0.2(1 as the second discount 
$0.80 — $0,20 -■ SO.f>(! t he net cosl after the first and 

t he second discounts have been 
taken. 

Determining the third or hind discounted price: 

.60 X .10 = .06, or SO.00 as the third discount. 

$0.60 — $.06 = $0.54 the net cost after the first, sec¬ 
ond, and third discounts have 
keen taken. 

This gives $0.54, or 546, as the net price per gross of the 
above brass screws listing ;it $2.00 per gross with discounts of 
60%, 25%, and 10%. 

Example 4: 

After estimating the cost of painting a house to he $240, 
the contractor adds 25% for profit. How much does this 
profit amount to and what is the final "figure" on this job? 

Solution and Explanation: 

Since 25% is added to the figure of $240 for profit, that 
means that 25% of $240 is the amount of tin; profit. 

Expressed in simple form this would lie 25",', of $240 or 
240 X .25. 

This works out as: 


240 
.25 
12 00 
48 0 
60.00 

That is, a profit of 25% would amount to $60. 
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If this profit: of $60 is to lie* marie on a job which costs $240, 
then the estimate of $240 must be increased by $60. This 
makes the final price erpial $240 $60, nr $300, 

From these problems it may be seen that when a certain 
per cent of a number is to be obtained, whether it be in the 
form of a discount, a / >rnjH , an increase or a decrease, the proc¬ 
ess is one of multiplication. 


CHANGING PER CENT TO FRACTIONAL FORM 

In some calculations a per cent may best be expressed and 
handled as a fraction. This is done by changing the per cent 
to a decimal which in turn is used as the numerator of a deci¬ 
mal fraction. 

The decimal fraction is then reduced to lowest terms, giving 
the simplest fraction which is the equivalent of the per cent. 
This is illustrated in the following examples: 

Example 1: 

Express 45%, as a fraction. 


Solution and Explanation: 

4S% changed to a decimal equals .45. 

The decimal .45 equals the fraction fVV' 
xVff reduced to lowest terms equals a",,. 

45% changed to fractional form equals nV 

Example 2: 

Change 165% to fractional form. 


Solution: 

16|% changed to a decimal equals .165 
161 % 50 

Too Tod 3 


.165 


100 = 


50 
3 00 


rnnr reduced to lowest terms equals J 
165 % changed to fractional form equals ■}. 


Example 3: 

Express 12 J% as a fraction. 
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Solution: 

12 i% changed to a decimal equals .125 
.125 — a'laAi 

tWc reduced to lowest terms equals 1 
12 -1% changed to fractional form lirrnmis J, 


When such per cents are changed to fi act ions they are more 
conveniently used in calculations. However, unless the fra 
tional form can he handled to hotter advantage, it i s 
advisable to use the decimal equivalent. 

Per cents like 33J%; 66*%; lh*';;; and 11 \% are of this 
type. When changed to fractional form these become: 


33J% or a!l!|, which equals 
66 jS% or -S1JS, which et|u;d.s 
16’% or •nf 1 ),",, which equals J. 
m% or which efpials J,. 

In such fractional forms these per cents are readily used in 
calculations. 


Problems Involving Calculations in Percentage 

1. Express in decimal form K2}%; «>%.; .4%; 132%; 2|%; 
1.3%. Express in per cent form .52; 4.2; fi; .001; 8.07’ 37 5 
What is 19% of $5; 3% of 11; 8}% of 20; .6% of 43; 124% of 
55; 1.2% of $150? 

2 . Reduce to fractional form: 


140%; 2%; 62.5%; 22'%; 20%; 225%; 
110%; 85%; \%, 14?%. 


. H ur i n E his summer vacation a young man put his sav- 
m g s whrch amounted to $33.60, in the bank. At the opening 
of school he withdrew 12-’-% of this to buy clothes. How much 

did he draw out of the bank? How much remains in the bank 
on his account? 


4 A leaflet that advertises an attachable turret for standard 
machine-shop lathes, lists this tool at $300. A notation is also 
made on this leaflet that, on a certain date, discounts of 30%, 
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30 % and 10% had been allowed on this price. What is the 
cost of this tool after these discounts have been made? 

5 An apprentice patternmaker who was being paid at the 
rate of $1.20 per day, received a notice in his pay envelope 
stating that because of his good work, his daily rale of pay 
would be increased 10%,. What will be his daily wage after 
this increase? 

6 . By paying cash for a load of lumber which is listed at 
$76, a discount of 2J% was granted. How much was saved by 
paying cash? 

7 . A 12-in. file listed at $4 per dozen sells at wholesale, 
with discounts of 30%, 25%, and 2%, for cash. Determine the 
wholesale price of these files per dozen. 

8 . Lumber to he used for concrete forms is quoted at $60 
with discounts of 71% and 2% for cash. If this lumber is paid 
for in cash, what is its net, cost? 

9 . A machine department in a manufacturing plant uses 
each month about 20%, of a 50-gal. drum of cutting compound. 
At this rate how long should 50 gallons of this cutting com¬ 
pound last? 

10. Reports for the month of April show that out of 80 men 
at work in the machine department of a local shop, 15% were 
out of work because of sickness. I low many men were out sick? 

11 . The total accidents in a garment factory over a period 
of three months were 36. Of these accidents 75% were charged 
to direct carelessness. How many accidents were due to 
carelessness? 

12. A cubic foot of ice is 91.7% as heavy as a cubic foot of 
water. If water weighs 62.425 lb. per cubic foot, what is the 
weight of a cubic foot of ice? 

13. Brass is listed in a shop catalogue as containing 65% 
copper and 35%, zinc. At this rate, what is the weight of zinc 
and copper in a piece of brass that- weighs 45 lb.? 
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14. A jewelry catalogue qtwtes a price 0 f $8 on sh , 

emblem rings. It allows a discount ,,f 25';. with V/ ft7' 
cash if 50 or more rings are purchased at one time. Wliat v !' 
be the net cost per ring if 50 students ayreerl to pay cashT 
these rings? ’ 0: 

15. To raise a heavy casting from the Hour tn a workbench 
a set of hoisting pulleys was used. The pulleys, nut. liuvingbe ■ 
previously used in some time, did not work well and require, 
a pull of 75 lb., to move tin* (Mating. After oiling the nuiu 
well, however, this pull was reduced ill',. What was the final 
pull oil the rope needed to raise the casting? 

16. By keeping his tools properly ground a workman on 
piecework finds that he can increase his production 8%, At 
that rate what will be his day’s pay if before using this pre- 
caution lie earned S4.25 on the same kind of work? 

17. A young man learning the plumbing trade was told by 
his employer that his wages for the week would be advanced 
12 §%. Ihe boy at: the time was being paid at the rale of 24 
cents per hour for a 44-hour week. What will his weekly wage 
be when this change takes place? 

18. When John got his first job be immediately laid out a 
weekly budget plan. He planned to give 60% (o his mother; 
30% was to be for clothes and savings; 10% was to he put 
aside for emergency. The job paid him $15 per week, What 
was the amount of each item on Joint’s budget? 

19. Fifteen pounds of babbitt are recpiired for rebabbitting 
machine bearings. If this babbitt has 15%, tin, 25%, antimony, 

% ead, how much of each of these metals is used in this 
composition? 

• 2 ? f ‘ Al ! _ automobile wh ich was originally purchased for $950 
is o eied for resale as a used car at 30%', less than (lie original 
price. What is the resale price? 
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21. A newspaper advertisement' explains that a popular 
make of radio which formerly sold at $85 is now offered at 
20 % less than that price. What is the cost of this radio? 

22. In advising a class of high-school seniors about improv¬ 
ing their report-card marks, the principal explained that out 
of last year’s senior class of 1 21) si udcnts, 15% failed to graduate 
because of low records. How many students were graduated 
last year? 

23. The following notice appeared on a shop bulletin board: 
“Shop accidents for the 6 months’ period ending June 
30th, dropped 15% below that of the previous 6 months’ 
period.” 

If there were 80 accidents during the previous 6 months’ 
period referred to, how many accidents were there during the 
6 months' period ending June 30th? 

24. A shoe factory that, regularly employed 250 workers 
announces that due to business improvements it has increased 
its working force by 18%,. How many workers are now em¬ 
ployed in this factory? 

25. Brass hexagon nuts for Win. brass screws are listed in a 
manufacturer's catalogue at $9.60 per hundred. The discount 
sheet shows that there are discounts of 60% and 10% on this 
price. What is the net price on 500 of these nuts? 

26. An advertisement concerning a certain make of wood 
screws states that size No. 10 screw is listed at 70$ per gross, 
with trade discounts of 60%, 20%, and 10%. At this rate 
what would be the cost of 100 gross of these screws? 

27. A standard make of twist drill lists at $7.60 per dozen. 
The trade-discount sheet allows 50% and 5% off for cash. 
What is the net cost of these drills per dozen? 

28. A dealer in automobile supplies advertises that he is 
closing out a certain make of automobile tire, which formerly 
sold for $7, at 20%, and 10%, off the original price. If you were 
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to purrhasr two of thc**.«* tiros what would you have to n 
for them? ’ ^ 

29. During a department -store salt 1 , a small table that listed 
at $12 is marked, “3.U r ; off hecnuM* of slight damage." What 
is the selling price of this taldc? 

30, In making a hatch of concrete which weighed approxi¬ 
mately 1200 lb., about lfi^', of the weight is cement, 331 ® 
is sand, and 50% is gravel. IIow many pounds of each item 
are used in this mixture?* 

CHANGING FRACTIONS TO PER CENT FORM 

Fractions may be readily changed to per cent form by the 
same process as that followed in changing a fraction to a 
decimal, 

This is done its previously explained by dividing the numera¬ 
tor by the denominator. After the decimal is obtained the 
per cent sign (%), is added after the number, and the decimal 
point is moved two places to tin* right. In ease the decimal 
point comes directly after the number as a result of this change, 
it is not expressed when the per cent sign is added. 

This is illustrated in the following examples: 

Example 1; 

Change the fraction J to per cent form. 

Solution and Explanation! 

I becomes 1 -t- 5, or, 

5)1.00(.20 

10 

0 

Expressed as a decimal £ equals . 20 . 

Expressed as a per cent ,20 equals 20 %. 

That is, i changed to per cent form equals 20 %. 

Example S: 

What is the per cent form of the fraction jj? 

‘Answers to these problem!) will lie found on page 14(1. 
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Solution «nd Explanation: 

| becomes 3-^-8, or, 8)3.000(.375 

2 JL 

60 

56 

40 

40 

Expressed as a decimal l equals .375. 

Expressed as per cent .375 equals 37.5%. 

In per cent form j| becomes 37.5%. 

Example 3: 

Change J to per cent form. 

Solution and Explanation: 

A becomes 1 6, or, 6)1.00(. 16J- 

6 

" 40 
36 
4 

Expressed as a decimal, equals .16J-, or ,16f. 
Expressed as a per cent, .16* equals 16j}%. 

The fraction i, expressed in per cent form, is 16$%. 

Example 4: 

Determine the per cent form of the fraction •£. 

Solution and Explanation; 

1 becomes 5 -f- 4, or, 4)5.00(1.25 

4 

1 0 

.L 

20 

20 
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Expressed as a decimal, J equals 1.25. 

Expressed as a per cent, 1.25 equals 125%. 

That is, -J- changed to per cent form equals 125°/ 
from these calculations it may he seen that 'fractions i 
1 are equal to less than 100%. Fractions greater than1 * 
cqud to more than ,00%. Frac ti „„ s equal to ,» 

HOW TO DETERMINE PER CENT 

Previous to this consideration has been Riven principal, 
to calculations involving c l,„ use oi percentaRe, and to m 2 
o changing fractional and per cent forms. Sometimes 2 
desired to know what per cent one numlior is of another 

are’given 0 ” ‘ P "' dctcrmi "' d wl “" °«ain fact, 

for example, what per cent is 45 of 60? 

In fractional form 45 is 4|J of 60. However, « is not in 
per cent form, from previous explanations it is seen that to 
cmnge this fraction to per cent form, 45 should be divided by 
60 after which the quotient may be readily changed to per cent 
This fiactional form is changed as follows: 

60)45.00(.75 
42 0 
3 00 
3 00 

-75 expressed in per cent form becomes 75% 

Therefore, 45 is 75% of 60. 

The correctness of this result may be determined bv cal 

12 s : ° f 6 °- tus is *«. » ■btw 

60 
■ 75 
3 00 
42 0 


45.00, or 45. 
This proves that 45 is 75% of 60. 
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DETERMINING EFFICIENCIES, PROFITS, AND RATINGS 

The foregoing method is also used in determining efficiencies, 
profits, and ratings. Typical conditions involving these are 
illustrated in the following examples. 

Example 1: 

It is estimated that on a certain job a journeyman printer 
can print 1,000 folders on a printing P^'SH in 3 hours. To do 
the same work, however, will take an apprentice printer 4 
hours. How efficient is the apprentice on this particular job? 

Solution and Explanation: 

The journeyman's time on the job is 3 hours. 

The apprentice's time on the job is 4 hours. 

The apprentice’s rating would be found by dividing the 
journeyman’s time, which is sometimes called the estimated 
time, by the actual time it took to do the job, 4 hours. Ihis 

works out as: 3-4-4 or 4)3.00(.75 

28 

20 

20 

.75 expressed as a per cent equals 75%. 

That is, the apprentice is 75% efficient on this particular 
job when compared with the journeyman printer. 

Example 2: 

A young man purchases a jackknife for 50fl. Later on he 
sells the same knife to a chum for 600. How much does he 
gain in the transaction? What is his per cent profit on this sa e 

Solution and Explanation: 

The profit in cash would be the difference between the sell¬ 
ing price and the cost. This would be 60?! — 500 or 10?!. 

This 100 profit was gained on an investment of 500. There¬ 
fore, the fractional gain would be Jo' or b 
i expressed as a decimal equals .20; 5)1.00(.20 

10 

00 
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.20 expressed as a per cent equals 20%. 

That is, the boy made 20';?. profit on this sale. 

Example 3; 

During the first day of his employment a young w or W, 
assembled 240 units, which he was told were to (it into mech " 
cal toys that were being manufactured in that shop. Howevlr 
the inspector cm that work accepted lmt 228 of these unit’ 
and rejected the balance as not correctly assembled. ' 

What per cent of his work was acceptable this first dav nt 
employment? y 0 

Solution and Explanation: 

An examination of the above figures shows that out of 240 
units 228 were acceptable. In other words, 228 of the 240 or 
$Tff> were acceptable. ' 

1 his.fractional form §33 is readily changed to per cent form 
explaumd’ 2 ^ numeratl,r by ll,c denominator as previously 

This works out as; 228 ~ 240, or, 

240)228.00(.05 
216 0 
12 00 
12 ()() 


^95 expressed in per cent form becomes 95%. 

That is, 95% of the young man’s work was acceptable the 
hrst day of his employment. 

The above problems illustrate that in order to determine an 
efficiency, a profit , or a rating the process is really one of find¬ 
ing what per cent one number is of another. This relation is 
expressed in fractional form and changed to a decimal, which 
in turn is changed to per cent form as already explained. 

Problems Involving Ratings, p rofitS/ and Efficicndes 

mixed lumbers 1 . 0 ^ CeHt f ° nU ^ fo " mvi "^ fr;lctions and 
h 1-1; -A; 2j; |; 4‘ ; !();'. 
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2. Determine what per cent, 

36 is of 48; 12 is of 50; 18 is of 15; 

| is of 4; 5 is of 2; 132 is of 96. 

3 With the baseball season less than half finished the 
St Louis National League Baseball Team had won 43 games 
out of 68 games played. Its nearest rival, the Chicago team, 
during the same period had won 41 games out of 66 games 
played. What is the rating, or standing, of these two baseball 
teams at that date? 

4 . In its drive to reduce accidents, a shop safety committee 
recommended that certain guards be installed on several ma¬ 
chines. The month following the installation of these guards 
there was a total of 12 accidents throughout the shop. The 
previous month’s record showed there were 18 accidents. What 
was the percentage reduction? 

5. Twenty-seven pounds of strip brass were needed to 
blank out an order of panellings on a foot press. The scrap 
remaining after this job was done weighed 3 lb. What per cent 
of waste resulted from this operation? 

6 . By a slight change in the pattern a saving of 7\ lb. is 
made in a casting that formerly weighed 60 lb. What per cent 
of the former weight does this equal? 

7. The calculated speed of a pulley on a printing press is 
250 revolutions per minute. However, by actual check it is 
found that the pulley makes only 230 revolutions per minute. 
An investigation shows that this loss is due to belt slippage. 
What is the per cent slippage in this particular case? 

8 . Due to a leaky faucet, 1| gal. of oil were lost from a can 
containing 25 gal. What is the per cent loss? 

9. In machining a brass casting weighing 36 lb. there is 
removed in the process 4J- lb. of material, Determine the 
per cent reduction in the weight of this casting as a result of 
this machining. 
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10. A Shop that had (>mi running on a 40-hour week ■ 
to change to a .16-hour neck. '['ho workmen arc to ' 


[ agrees 

same weekly rate as formerly. What l7|.c cVuiUhsI? 0 * * 
increase in the hourly rate of pay? 


t Per cen 


11. Out of 1,08(1 pieces hi,inked on a font press the In 

rejects 27 pieces that wen* damaged in the operation 'uf 
per cent spoilage does this eijiial? ' J ' 

12. Loose knots and checks in a 16 - 11 . hoard m*™ v 
jerappinj. 1J ft off ,,„l and 2 f, ; „, r lh „ oU ,J Md ' ! » 
is tht per cent waste in this pit-ce < lumber? 

13. A learner on a spot-welding machine was able to weld 
15 pieces per hour at tin* end of the first day of ] lis em l 
meat. At the end of the secom, day he was^L"ft 
pieces per hour. At the end of the next day this jumped to 

durtln^f' Ca 7f e t U ‘ ,MT n : nl of h " u,| y increase in pro. 
duction foi each day over tin* first thty. 

14. As a result of a safely eampaiyu, tl.o aoto„„» 

from 3 " 2 Jm” wfT" “'V' 1 ""’ 11 * I»™d dropped 

during that „JrW ? *“ ... *”* "»'"«*» “*>• 

15. To lay out a drawing board aad build it lo specification 
t is estimated that it will take a cabinetmaker 2k hours How¬ 
ever, an apprentice does the job i„ 4’ hours. What is the 
per cent efficiency of the apprentice on this job? 

jr niert r ^ a,1C ! en ^ a h r ed in turning a small pivot pin makes 
ll »""•*•*?* on the job. The socoml day he lucre.* 
the speed of hi. machine and makes 30 pieces. Determine tli 
per cent gain over the first day’s output. 

qultidrf $S? T d “ lK,U “ .*•» is * «* 

: t . , ‘ e pamt nod other materials used on this 

Den’s* E r W ‘f *• «* “ f W-t. oaruue, and other «. 

PMW. amounted to *135. What was the per cent profit.,, 
this painting job? 
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18 . A young man employed in a woodworking shop finds 
that it takes him 3 hours to turn up a wooden handle. After 
sharpening his wood-turning tools he does the same job in 2{- 
hours. Calculate the per cent gain in time as a result of this 
precaution. 

19. Butter, which sold at 30d per pound, is advanced to 36f* 
as a result of a drought, in the fanning districts. What per cent 
increase in price does this equal? 

20. Due to improved business conditions a factory employ¬ 
ing 120 men engages 15 extra men. What is the per cent in¬ 
crease in employment? 

21. A boy at work in a novelty workshop earns $15 per 
week. Out of this amount, $1.80 is kept out by the company 
for his weekly savings account, while 20d is withheld for his 
factory insurance policy and medical attention. If he gives 
§10 to his mother as his share of the household expenses, what 
per cent of his weekly pay does he have left? 

22. To meet the demands for early delivery of orders for 
the Christmas trade, a toy factory employed 84 men. After 
the rush was over 36 of the workers were laid off. WhaL per 
cent of the working force remained? 

23. An apprentice in the pressroom of a printshop spoils 60 
sheets in a run of 1500 billheads. What per cent spoilage does 
this equal ? 

24. During the week a young man employed at $18.75 a 
week is "docked" 75 1 for being late for work three times. What 
per cent of his weekly wage does this equal? 

25. In checking over a quantity of {-in, bolts the inspector 
found that out of a total of 160 bolts, 6 were undersize and 4 
were oversize. What per cent of the total number does each 
of these represent? 

26. On his final examination in arithmetic a student had 42 
problems correct out of 50, What is his per cent rating? 
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27. During the first month of his employment a y 0Un(t 

saved $8. The following month he .saved SO. 60. What d * "e" 
increase equal when expressed in per cent: hum? B 

28. The daily time card of a machine-shop apprenticesh 

the following: 0,1 

2i hours shaper work 
la hours milling-machine work 
4 hours heneiiwork 

What per cent of the day was given to each branch of Wort , 

29. Due to competition among service-station managers th 
price of gasoline dropped during one week from 16.4(1 per gallon 
to 13.9(1 per gallon. What is the per cent drop in price? 

30. Near the close of one of his most successful baseball 
seasons Charlie Gohringer of the Detroit Tigers led all players 
in both the National League and the American League in bat* 
ting. Records show that out. of 482 times at hut he made 181 
hits. What was his batting average at that date?* 


ANSWERS TO PROBLEMS 

Pages 128 to 132. 

1. .825; .09; .004; 1.32; .025; .013; 52'C; 420%- 6007 
o ; 1%; 807%; 3750%; 95c; .33; 1.7; .258'*68.2; SL80. 

j'ff’ trV> si ttih 2}; 1 rA, iL?,; j. 

3. $4.20 clothes; $29.40 bank. 17. SI 1.88. 


4. $132.30. 

5/ $1.32. 

6 . $1.90. 

7. $2.06. 

8 . $54.39. 

9. 5 months. 

10 . 12 . 

11. 27. 

12. 57.24 lb. 

13. 29.25 lb. copper 

15.75 lb. zinc. 

14. $5.88. 

15. 60 1b. 

16. $4.59. 


18. S9.00; $4.50; $1.50. 

19. 2] lb. tin; 3J lb, antimony 

9 lb. lead. 

20. $665,00. 

21 . $ 68 . 00 . 

22 . 102 . 

23. 68. 

24. 295. 

25. $17.28. 

26. $20.16. 

27, $3.61. 

28. $10.08. 

29. 88.00. 

30. 200 lb, cement; 400 lb. 
sand; 600 lb. gravel. 

cm page 111. 


‘Answers to these problems will he found 
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Pages 136 to 140. 

1 15*%; 77*%; 18-5%; 225%; 62i%;416|%; 1060%. 

1' 75 %; 24%; 120%; 121%; 250%; 137-}%. 

3 ' 63.23%; 62.12%. 


33}%- 

1H%- 

12 }%. 


0 /O' 
6 %. 
12 |%. 
UVfo¬ 
il. 2 }%- 
12 . 21.9%. 


9 . 

10 . 


13 . 

14. 

15 . 

16 . 

17 . 

18 . 

19 . 

20 . 
21 . 


UW /( ) , 

•2 7 1 <)/ 

o / /O- 

55:;%. 
20 %. 
33}%. 
25%. 
20 %■ 
121 %. 
20 %. 


120 %. 


22 . 

23 . 

24 . 

25 . 

26 . 

27 . 

28 . 

29 . 

30 . 


57 \%. 

4 %. 

4 %. 

3J%; 2 i%. 
84%. 

20 %. 

311%; 18f%; 

15.24%. 

388%. 


50%. 


Review Problems Involving Percentage Calculations 

1. Change to fractional form: 

Twenty per cent.; one. hundred thirty per cent; four 
per cent; thirty-seven and one-half per cent; seventy-five 
per cent. 

Reduce to decimal form: 12}%; 2%; 140%; . 6 %; 270%. 

2. What per cent of, 

64 is 16; 12 is 18; 125 is 10; 12.} is 37}; .36 is .009? 


3. Determine the per cent equivalent of: 

i n. :i . 7 , 1 . 0 . ft . A®.. 

ff fl i drt 1 nff» :»> Xfii iT» *o» 

1 . 17. 7». j 
I ff t 12 r •) 0 1 4 * 1 27T* 

4. Pure block tin costs 583 per lb., and [fig lead 5}per lb. 
At these prices wliat is the cost of 80 lb. of solder containing 
60% lead and 40% tin? 

5. A young man at work in a printshop runs off 1800 circu¬ 
lars on a printing press. Of these, 3}% were spoiled through 
carelessness. What was the total number of circulars spoiled? 


6 . A well-known twist drill which lists at $9 per set, has a 
discount of 30%, 10%, and 5%. What is the net price of this 
set of drills? 
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7. An auto mechanic’s helper found a slip in his weekly p ay 
envelope stating that beginning the following week his pa , 
would be raised 12%. His present wage is $14.50, What pm 
should he receive on the new basis? 

8. A textbook on mathematics is listed in the catalogue at 
$2. Students, however, arc allowed a discount of 20%, What 
is the net price to students? 

9. In checking a cast-iron pulley before; it was machined,it 
was found to weigh 22J- lb. After the machining operations 
were complete it weighed exactly 10,1 lb. Calculate the percent 
reduction in weight as a result of these operations. 

10. On February 1st, white lead used in mixing paint, sold 
at 12U per lb. in 100-lb. lots. On March 1st:, it was quoted at 
14(1 per lb. in the same amounts. What: was the per cent in. 
crease in price? 

11. A boy learning the printing trade was given the job of 
“running off” circulars on the printing press. His foreman 
estimates that it would take a journeyman pressman 3 hours 
to do the job, The boy begins work at 1;()() p.m, and finishes 
at 5:30 p.m. What is his rating on this job? 

12. Baseball records show that: during one of his banner 
seasons with the Philadelphia Athletics Jimmie Foxx made 
180 base hits out of 539 times at. bat. 1 luring that same season 
Lou Gehrig of the New York Yankees made 210 hits out o( 
579 times at bat. What were the baiting averages of these 
two great baseball players for that particular season? 



Lengths, distances, 
amounts, quantities, 
estimates. 



Linear Measure 


, cl(r „ 1,-is U) do with measurements in one direction 

""r™E *** * *■-»•*••*** 

Sance to a mum, l-iarh of .hm, involv* a 

fln i. in rjn(» direction. 

rrs. of i"» r ,m ' K “ n: in f 7•" 

theinch and the foot. Both of these are divisions of the fcnfilish 
’“teorS^'^'^'lator ado,.led by <te United 

A® l, cat kepi ill I In- Govern,„i't,l Bureau of SlamUds. 

at- *» - till' UuW »«« naroaa of 
S " Kjl " m, l aSUre ."7 lS ’ tlic 

„rd has been divided into lllirly-M-t «|ual l»rt* bailed Indies. 
Twelve of tliew! inches make one foot. 

T ' T t following table shows how ihese different units are re- 
lated to each other and to the .standard unit, the yard. 


12 inches -- 
3 feet « 
Si yards or 
164 feet - 
5,280 feet 


1 foot 
1 yard 

1 rod 
1 mile. 


36 inches 


320 rods « 1,760 yards 

The word inch or inches as previously explained is indicated 
by the abbreviation in., or by the symbol ("), as m the measure¬ 
ment 5 inches, expressed as 5 in., or 5 . nhhrpvi'itcd 

The unit of measure, foot, also Us plural feet, ^br^mteo 
ft., the symbol for this beini; ('). Accordingy, the measu 
ment 3 feet would be expressed as 3 ft., or 3 . 

A measurement combininn feel and inches, as 
would be expressed either as 6 ft. 8 in., ot ) 

145 
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Where the symbols (') and (") are used, it is recommend a 
that the numbers be separated bv a lone dash as =hn, ■ 

ul7d 8 "' ™ S WiU aV ° id CrOWdinff a, ' d the symbol 

The measurement yard or yards is abbreviated yd C 
bined with feet, or inches, the measurement would be abh” 1 
viated as above expressed. For example, 5 yards and 2 fm 

would be written 5 yd. 2 ft.; 4 yards 5 inches would be written 
as 4 yd. 5 in. luen 

R od or rods is abbreviated as rd., similar to yd. in yard nr 

hmd S ' ThC r0d 13 USUally used in meas urements relating to 

CHANGING FROM ONE DENOMINATION TO ANOTHER 

The many uses to which these units of measure are put mKb 
it necessary sometimes to change units of one denomination to 
equivalent units of another denomination, as to reduce 71 
• yards to its equivalent number of feet; or to find out how 
many feet there are in 70 inches. 

Tins is accomplished through the use of the table on linear 
measurements as shown in the following example; 

Example 1 ■ 

J” det ' ri ?; nin ! the am °unt of lumber required to build a 

! t 7 6n 77’ a b ° y finds that there is needed a total of 90 
inches of white pine of a given width and thickness. What is 
the equivalent number of linear feet in this amount? 

Solution and Explanation: 

feethiVrtT 6 ^ij 2 in ' in ° ne f00t ’ then there are as man y 

90 in. as 12 is contained in 90. This becomes, 

90 -r- 12, or 

That is, there are 7| feet in 90 inches. 
ferred 1 to. ^ ft ' ^ IUmber ^ needed t0 build the shelf re ' 

lent unipfnf 11 is ,? e . en that to c ^ a nge smaller units to equiva- 
umts of a higher denomination, one should divide the 
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mailer unit by the mimlier of 

»'*» il l “ k " s . 

The following problems illustrate the method nf changing 

,-r units to their equivalent 


L.II 

amount which represents the smulle 
_— 11 m* untie if. t fj n 


. 


Example 2; 

Reduce 4 yards 2 \ feet to inches. 

Solution and Explanation: 

The number of yards is first reduced to inches. 1 his equals 
4 x .16, or 114 inches. 

The number of feel is then reduced to inches, which becomes: 

2?. X 12, or 80 inches. 

The yards and feet reduced to inches become: 

4 yards 1.44 inches 

2 \ fret ■ dd inches 

4 yards 2} feet *- 174 inches 

That is, 4 yards 21 feet, reduced to inches equals 174 inches. 


Eumple3i 

How many feet: of wire fence are needed to enclose a plot 
of land that measures 28 rods around ! 

Solution and Explanation 

Rods are reduced to feet by multiplying the number of rods 
by 16i as there are 162 feet in one rod. This becomes: 

28 X 10}, or 462 

That is, 462 feet of wire fence are needed to enelo.se the plot 

mentioned above. _ 

The preceding problems illustrate that in order to change 
larger units to their equivalent number of smaller units, mu ti 
ply the number which represents the larger unit by the num 
of the smaller units it takes to make otic of this larger unit. 

As an aid in changing units of one denomination to units of 
another denomination, the following summary is atiange . 

To reduce miles to feel, multiply the number of miles 

by 5,280. an 

To reduce feet to miles, divide the number of feet by 5,^ao. 
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To reduce miles to rods, multiply the manlier of miles by 320 
To reduce rods to miles, divide the manlier of rods by 320 
To reduce miles to yards, multiply the number of m'l 
by 1,760. ' 6i 

To reduce yards to miles, divide the number of yards by 1 
To reduce rods to yards, multiply tile number of rods by 5* 
To reduce yards to rods, divide the number of yards by 5 ' 
To reduce rods to feet, multiply the number of rods by lj 
To reduce feet to rods, divide the number of feet by 16* 
To reduce yards to feet, multiply the number of yards by 3 
To reduce feet to yards, divide the number of feet by 3, 
To reduce yards to inches, multiply the number of yards 
by 36. 

To reduce inches to yards, divide the number of inches by 36 
To reduce feet to inches, multiply the. number of feet by 12, 
To reduce inches to feet, divide the number of inches by U, 

APPLICATION TO A SHOP PROBLEM 

Two common terms used in carpentry work are “riser" and 
“tread.” These terms apply to stair building and are illus 
trated in the following diagram. 



A common size tread is 10 in. A suitable riser for this 
7 in. Long flights of stairs as a rule have a shorter riser wit 
a longer tread. 
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To determine tin* number nf risers fnr it given llii-hf of stairs, 
the height of the stairs, or flm total ii-f, is divided by ||„, 
width of the riser. In tint saint* manner tin* width of the riser 
maybe found by dividing the total si «■ by the number of 
risers desired. 

Calculations involving ( best* terms hi t* dmilar tot he following: 
Emmple 1: 

Determine, the number of hm-is needed for a llight of stairs 
where the total rise is 1 <)V ft. The reer rerommeiuled is 7 in. 

Solution and Explanation; 

This problem would be worked out by reducing the total 
rise 10$ ft. to indies and then dividing that by 7 in., the width 
of the rivser, 

10$ feet reduced to inches equals ,1(1$ x 12, or 126 nudum, 
Dividing (his amount by 7 there results: 126 7, which 

equals 18. 

That is, 18 risers are needed for the above (light, of stairs, 

A further application is found in caleulations that involve 
determining how many parts ol a .specified length may he 
made from tt piece of stock of a given length; or in determin¬ 
ing how many blanks of a certain size may be stamped from 
a strip of metal of a known length. Where waste, due to 
thickness of saw cut, or to the space between the stamped 
parts, or to the finishing tip of a piece, has to be considered, 
such waste should be added to tin* length of the part in work- 
ingout the calculation. 

This same type of calculation may also be used in deter¬ 
mining the length of stock needed in making a specified num¬ 
ber of parts of a given size. 

It will aid the student in working out these calculations if 
lie will make a simple sketch illustrating how the various 
details enter into the solution of the problem. 

This type of calculation is illustrated in the following 
problem. 
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Example 2; 


I! ; m ni;u, y pins like that sh ow „ 

( ' an lH> ni:l<1 ‘‘ fn,m “ piece of br te 
tli.K measures 3 ft. 8 in. long? 
Thm ‘ a waste of dlle b 

riitlmg ofl and llnifshing up eac i 
pin. 


Problems like this are solved by first: changing the length [ 
the piece of brass into inches. After this is done, it j s deJ 
mined how many times the length of this pin plus the waste 
on each pin, are contained in the total length of the rod ' 

If the result of this division is a mixed number, only the 
whole number in this is used and the fractional part is dis¬ 
regarded. The whole number gives the number of full-leneth 
pieces. k 

As the first step in the above problem, 3 ft. 8 in changed 
to inches becomes, 3 X 12 or 36 in., plus 8 in. which makes 
44 in. 

1 he length of each pin, plus tlu* waste on each pin due to 
cutting off and finishing up equals: 


in. + \ in., or 1 j in. 

The remaining part of the problem is to determine how 
many times the length 1 J in. is contained in the length 44 in 

This is worked out as follows: 


44 . 1J, or 44 X }, which equals or 25}. 

That is 25 full-length pins according to the above dimen- 
srons can be made from a piece ot brass rod that measures 


Problems Involving Reduction of Measurements 


1. A ball of twine is advertised as 
enough to extend } of a mile,” Of how 
the equivalent? 


containing "twine 
many inches is this 
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2 To measure (he si/e <>f the tup nf a table, a liny uses a 
ardstick and finds that it H 11 yd. Iinu; and l nf a yard wide. 
What would these measurements he if expressed in inches? 

3 What is (he coH nf win* fence material needed tn en¬ 
close a plot <»f hind which un-amue- J nf a mile around? This 
fencing sells at TV per running md. 

4, In laying nut ineaMircment-. fur a concrete sidewalk a 
young mail used a stick whi< Ii is e\,icily nf a yawl Ittng. He 
finds that the length nf the walk is equal to 2M lengths nf tin- 
measuring stick, and the width is equal tn exactly 2 lengths 
oi the measuring stick. What are the dimensions of this walk 
in feet? 

5. A thin brass strip <1 ft. 
long, is used in making 10 
small angle* braces as per the 
sketch tn die left, The stock 
is first cut. into smaller strips 
each lmig enough for one. brace 
and then bent to the shape as 
shown in the following draw¬ 
ing. After cutting enough 
pieces for 10 braces, wluil: will 
he the length in inches of the 
st i ip t hat remains? 

6. A plumbing apprentice is given a piece of sheet metal 
2 ft. 3 in. long and told to cut it up into 12 equal lengths. 
Neglecting the width of the saw cut, how many inches long 
should each piece he? 

7. To find the distance around a cylindrical lank, a boy 
wraps a measuring tape around the outside, marking where 
the ends meet. He finds that, the measurement is exactly 51 
in. How many feel is this equal to? 

8. A strip of metal used in making a safely guard cm a 
disk grinder measures 2H in. long. What is the equivalent 
number of feet in this snip? 
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9. Flow many pine boards each 9 in. wide by 6 f t , 
are needed to cover an opening in a floor that measure* a? 
wide and 6 ft. long? 5 

10 . Flow many pieces 
like that in the drawing 
to the right can be cut 
from a bar of stock 3 ft. 

9 in. long? Allow J-in. 
waste for cutting off 
each piece. 


^ 11. The bolt to the left is 

I. § 1 ° b e made from a bar of fin 
^ square stock 8} ft. long. If 
« * n - is to be allowed for waste 
due to cutting off each bolt 
how many such bolts can be made from this piece of stock? 

12 . Pieces measuring 9J in. long are to be cut from a board 
8 ft. 10 in. long. Neglecting the width of the saw cut, how 
many full-length pieces can be cut from this board? 

13. To provide shims for use in the garage, a mechanic 
selects a strip of thin brass 3}- ft. long and clips off 14 pieces 
each 2 4 in. long. As there is no waste in this cutting, how 
much material is used for these shims, and what is the length 
in inches of the piece that remains? 

14. The sides and ends for 2 boxes like that in the sketch to 
the right are to be cut from 

a board 8 in. wide and 12 ft. 
long. Adding -J in. for each 
piece cut, what is the total 
length in inches of the lum¬ 
ber used? What is the length 
in inches of the piece that 
remains? 

15. A partition being erected has 2 by 4-in. studding placed 

in. on centers. The length of the partition is 17 ft. 6 in. 
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Gl .,,,| s a,-,, u—d-d f**r tIn-, allowing <’iie stud :tl 
Hoff many hLUU * 1 . . 

each end of the parUUnn. 

UlheHseHs7 in- how in.my ris-i - nr- n-d-d b*r <h-s- stairs? 

17 . An attic stairs is Kj ft- high and has 15 ris-rs. Dc-t-r- 
mine the size of the riser. 

18 In the rack illustrated below 15 saw cuts are. to he made 
as shown. Calculate the .spacing of these cuts. 



19. In laying out a flight of stairs to he erected m a small 
bam that has been converted into a garage, the ciupenter 
finds that the distance from the garage Hoof to the attic floor 
is 7 ft. 6 in. 

Using a 71-in. riser, how many such risers will lie ncccBsat y 
[or such a flight of stairs? If a 7-in. riser were used, 
would be the length of the odd riser? 

20. Determine the missing dimensions of the. 5 equal notches 
in the following drawing. 

ri—n— 


I- 5 nofchczS' of equa/ wic/M 
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21. How many braces as per the following dimensions 
be made from a strip of Hat J-in. stock 14 ft. 8 in, long?' a" 
these pieces are sheered off in a cutter there is no waste of 
material. 


22 . What is the length of material needed for 2 iron pieces 
bent up as per drawing below? Calculate the spacing of the 
two holes indicated. 

The centers of these 
holes lie the same dis¬ 
tance from the uprights 
as from each other. 

How many such pieces 
may be cut from a strip 
that measures 5 ft. 10 
in. long? 

1 23 ' Square steel rods measuring ^ in. on the side weigh 
a lb. per linear foot. Determine the total length in feet and 
inches of a bundle of such rods weighing 2.1 J 11). 

24..^Calculate the width of the openings in the set of "pigeon¬ 
holes" shown. The spaces are of equal width. 


I" 
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25 According to tin* following sketch of an angle plate, 
here are to be drilled seven holes spaced equally distant 
a art Determine the. length of the center distances as indi¬ 
cated by the question marks. 



equa//y spaced 


26. How many risers are needed in building a flight of stairs 
which connects two floors that are It) ft. apart? A 7^-in, riser 
is recommended. Make a sketch showing a layout of these 
risers. 

27. How many boards each 10 in. wide are needed to build 
a wooden platform 8 ft. wide and 11) ft. 2J in. long? The 
boards are laid in the direction of the width of the platform 
as shown, and are placed \ in. apart. 



28. A ceiling 12 ft. long and 10 ft. wide is to be papered. 
The strips are to be put on so that they run in the direction 
of the 10-ft. width. If each strip is 18 in. wide, how many 
are used? 



' u,l - u I HEMATICS 

29 How many feet of wrought iron are needed to m , 
brackets according to the following dimensions? ^ 8 



■Stock j thick 


30. In constructing the special platform as shown in th f 
following drawing, the strips are to lie 2J in. wide Tin 
cross strips of this same thickness and width are used on rt 



31. Six sheet-iron safety 
guards as shown to the right 
are required to cover shafting 
as illustrated. What is the 
length in, feet and inches of the 

material in each guard? What 

is the total length of material 
inquired for the 6 guards? 


,n 
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„2 j^ow many strips of sheet metal f each 4 ft. 4 in. long 
needed in order to blank out on a foot press 200 pieces 
^ rding to the dimensions in the following drawing? The 
Tt piece is blanked out l in. from the end, and each succeed¬ 
ing blank is to lie l in. from the previous blank as indicated/' 


/" 

a 

How strip Zooks after 
blanks are stamped our 




‘Answers to these problems wilt he found on page 158. 
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Pages 150 to 157. 

1. 7,920 in. 

2. 45 in.; 27 in. 

3. $30.40. 

4. 63 ft.; 4} ft. 

5. 85 in, 

6. 2] in. 

7. 4,1 ft. 

8. 2,4 ft. 

9. 6 I lotircls. 

10. 8 pieces. 

11 . 36 bolts. 

12. JO pieces. 

13. 10^ in. 

14. 121 in.; 23 in. 

15. 14 studs. 

16. 9 risers. 


applied mathematics 

ANSWERS TO PROBLEMS 


It' H riMTS: 6 in. odd, 


20 . A i„. 

21. -'3 pieces. 

22. 2ol in, ; 2. 1 , 

23. 7 1 ft, 3 

24. 4 ', i„. 

25. 51 i n . 

26. Ifi risers. 

27. 12 boards. 

28. K strips. 

29. 15 ft.,Si„. 

30. 35 it, n in. 

31. 2 ft. 7 i„. ; 

32. S strips. 


- in. I 5 pieces, 


15 ft. 6 i n _ 


Review Problems Involving Reduction of Measurements 

41 m ii'ri,™ '".“‘"u,, 

13 a car I )e t Strip that measures 161 ft. M >' ards ^ 



ported A by”pi™ ^ **M> i> 245 *. I™* is to be „p. 

y p PC «• •‘‘‘liter lines „f w | lil; |, Hl . r [ 
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apart. Countint> one lumber for each end of the line, how 
many hangers are needed for the entire, length? 

4. How many posts <) ft. renter distance apart, will be 
needed to enclose a piece of land, the perimeter of which 
measures 60 rods? 

5. How many strips of wallpaper \ yd. wide will it take to 
paper the ceiling of a room measuring 10 ft. 6 in. wide and 
19 ft 6 in. long? These strips are to extend in the direction 
of the width of the ceiling. 

6 . A rack 9-J ft. long is to have 15 hooks placed equally 
distant apart. The center lines of the hooks at each end are 
to lie 2-J- in. from the end. I low far apart are the center lines 
of the other hooks? Draw a plan showing such an arrangement. 

7. How many blanks of the following dimensions can be 
punched from a strip 4 ft. 8 in, long? A space of fg in. is 
allowed between each punching as shown. The first blank is 
started £ in. from the end of the strip as illustrated in the 
sketch below. 


/" 

78 

Showing how strip foots 
offer blanks are pone tied 




Blank as punched 
■from strip 


8 . The distance between the first and second floor as shown 
on a set of house plans is 11 ft, 3 in. The building specifications 
stale that the stairs to lie erected between these floors are to 
have 18 risers. At this rate, what is the dimension of these 
risers? 

9. What would lie a suitable riser and tread in a stairs 
which extends from the floor to a balcony, a distance of 3£ ft.? 
Draw a diagram showing flu* general dimensions. 
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ADDITION of units of length 
addition of units of length 

Several measurements involving yards, feet, and inches may 
be added by reducing each measurement, to the same denomina¬ 
tion and then adding. This sum may then be changed to 
whatever unit is desired. 

However there is a shorter and better method shown in the 
following example: 

Example: 

To replace a broken belt on a woodworking machine it is 
found that three pieces when fastened together will just make 
the required length of belt needed. These three pieces of belt 
measure 6 ft. 10 in., 8 ft. 11 in., and 7 ft. 9 in. What will be 
the total length of the belt made from these pieces? 

Solution and Explanation: 

To use the first method explained above, each length is re¬ 
duced to its equivalent number of inches. After finding the 
total number of inches in the three pieces, this amount is in 
turn divided by 12 to change it to its equivalent number of 
feet and inches, as worked out below: 

6 ft. 10 in. changed to inches equals 82 in. 

8 ft. 11 in. changed to inches equals 107 in. 

7 ft. 9 in. changed to inches equals 93 in. 

The sum of 82 in., 107 in., and 93 in., equals 282 in.; 282 in. 

reduced to its equivalent number of feet equals 282 -f- 12, 
which works out as, 

12)282(23xV, or 23£ ft. 

244 

42 

36 

6 

That is, the sum of the three lengths of belting is 23^ ft. 

By the shorter method of calculation, the sum of these three 
lengths of belting would lie found as explained as follows: 



APPL,ED mathematics 

, Quantities arc; arrang'd mi that like- unit - r i 

fret i„d«, 


X? 1 . . ' *** ■> limit!!' ] 

^ich column is then added separately, the s 
below the line as shown. 


su,n bein & placed 


r. ft. 

8 ft. 
7 ft ‘- 
21 ft. 


10 in. 

11 in. 
0 in. 

Min. 


Bi,T'Vn S * Uni - ° f thC8e thn:ft r acasuretnc*n is is therefore 21ft w 
But 30 in is over one foot and should be chanyed to it,« 

and inches hy ***** ifc by I2 q m 

The 21 ft. and the 2.} ft. added together equal 23 1 ft 

Probfems R.l.ting t. ft. Addiiion of Uni,, Li„.. r M ..,« 

the SUra<0f 4 2 *< >• '«> U. H 'fiuTdi 2 ! !l air.n ■' 

r;; 1 'r 6 rr m 

7 in., and 3 ft. 3 in. 

foilowile S'„t ' 10 ' ikc Um “ “* 

4 ft. 10 in 6 ft 8 in i \ r h n< k < ' u,! UHt>< * which measure 

of -ASVSl n !n ' Wl, ." t , is 

on tms jour flow many indies were wasted! 
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4 To build a bookshelf for his room, a young man buys 3 
boards each measuring in length, 8 ft.. 9 in., 6 ft, 8 in., and 
4 ft 6 in. What is the total length of this material? 

5 . In order to construct a guard which would protect the 
machine operator from a moving belt, 3 strips of angle iron 
were necessary. These strips measured 3 ft. II) in., 4 ft. 9 in., 
and 2 ft. 6 in. What is the total length of the angle iron used 
for this guard? 

6 . The distance around a three-sided plot of ground meas¬ 
ures 18 yd- 2£ ft. on one side, 24 yd. 1 ft. oil another side, and 
17 yd. 2 ft. on the third side. What is the total distance in feet? 

7. In selecting the border for a small room a paper hanger 
takes the following measurements: 

1 side measures 4 yd. 2 ft. 10 in. 

1 side (deducting two windows) measures 3 yd. 0 ft. 5 in. 

1 side (deducting vent opening) measures 4 yd. 1 ft. 0 in. 

1 side (deducting a door) measures 3 yd. 1 ft. 9 in. 

How many yards of border does he need for this job? 

8 . To extend a line of shafting which measures 18 ft. 10 in., 
apiece measuring 7 ft. 10 J in. is joined to it by means of a 
flange coupling. What is the total length of the line after 
this addition ? 

9. In measuring a room to determine the number of feet of 
picture molding needed, one side is found to need 14 ft. 2 in.; 
another 10 ft. 3 in.; another 0) ft.; another 9 ft. 1 in. Allow¬ 
ing 10 % for waste, what is the total number of feet of molding 
necessary? 

10. A steam pipe line is made up of four lengths of piping. 
One length measures 6 ft. 8 in.; another 5 ft. 11 in.; and another 
8 ft. 0 in., while the fourth length measures 6 ft. 10 in. What is 
the total length of the “run"? 

11. During a repair job on the wiring of a house, an elec¬ 
trician used from a 50-ft, coil of copper wire, three lengths of 
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win;. One length, meamned 16 fi. 6 
and the third length 0 ft. 6 in. YVh.U; is 
of these pieces? 

12. What is the distance around the fi 
in the following drawing? 


another 12 ft. 6 i„. 
,,u: c:0ir tbi,icd length 

wr-sided plot of | an( | 



13, do blank out 85 pieces on a font' ......uu a a • , 

mea s uri„s 2 . ft 3 ft. 8 i„„ 2 ft. , J „ [t , 

What is the total length of the strips used? 

halt’ f\ m f hi T Sh , 0P invei,tor y that there are three 

9 ft rL ctr n‘!r r mm * “■ 9 11 "■ 8 in- - 

■ ;; 7 . • If thls ste( ‘ 1 weighs lb. per foot length what 

is the total weight of this material ? R ’ 

taed wh!'??” ,hC , tMal lc "« th *•= Arc timbers, , 

Ttt 8 , if'it *£ tC ‘ m *** tn These pieces mess.,, 
0 u ' 8 11 ft - 10 in., and 8 ft. 9 in. eac|i. 

shoo" stoe^r CkinS +k P tllG am0Unt 1 " in - stri P brass in the 

oilsof bt Tf St0Cl ™ m “ that there are 6 

cods of brass that measure as follows: 4 ft. 8 in., 5 ft. 4 in,, 

length of tliese" 6 strips 7 / 0 ' 1 5 ft 9 What is the c ° mbM 

3 ft 7 in U o single thickness belting 2 in. wide measure 

to mnke'n 2 / ^ 5 ft ' 9 in# ’ and 7 ^ f(; - each. These are fastened 
make a temporary belt. What is their combined length? 
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SUBTRACTION OF MEASUREMENTS 

18 Two lengths of load pipe were used on a plumbing job 
follows. One piece measured 4 ft. 10 in. long, while the 
“he r piece measured 3 ft. 8 in. long. Calculate the weight of 
; is pipe if it is listed at 2 lb. per foot of length * 

SUBTRACTING UNITS OF DIFFERENT DENOMINATIONS 

To subtract measurements involving units of two denomina¬ 
tions, the numbers are first arranged in columns the same as 
in addition. The process of subtracting is then carried out by 
first subtracting the numbers of the lower denominations. 
After this, the numbers of the next higher denomination are 

subtracted. 

How this is done is shown in the following practical problems. 

Example 1: 

From a coil of lead pipe measuring 12 ft. 9 in. long, pieces 
amounting to 8 ft. 6 in. are used during one week's time. How 
many feet remained in this coil at the end of this period? 

Solution and Explanation: 

The number of feet remaining is equal to the difference 
between the original length and the amount that was used. 
This difference is determined by subtraction as follows: 

The units are arranged as above explained and are sub¬ 
tracted separately as shown. I he results are placed in their 
proper columns as in addition. 

12 ft. 9 in. 

8 ft. 6 in. 

4 ft. 3 in. = difference 

That is, the length of the lead pipe remaining in the coil 
is 4 ft. 3 in. However, this same result could have been ob¬ 
tained by reducing the dimensions to inches and then sub¬ 
tracting. By changing this difference back to feet and inches, 
the result would lie equal to that obtained by the shorter 
method. 

* Answers lo these problems will lie found on page 169. 
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APPLIED MArHEMATK, 


I hire lengths (>;n'h measurin'.; ,S ft. 0 
6 in. art; nil from a piece of drill rot j 
ill lie'll ot tint drill rod remains;' 


in, 

14 ft. 


2 ft ; 8 111 •> and 3 It, 
6 in ‘ l0| ig. Ho w 


Solution and Explanation: 

The combined length of the pi,. n . s used is fn,,„ . . 
the separate lengths as previously explained ThlTequ* 


5 ft. 0 in. 
2 ft, 8 in. 
H ft. 6 in. 

K) f 1.1 dim 


As 2d in. equals 1 ft. It in ,| 1( .„ in t,. . , 

in,,., whicii i, „ K t ( ,( al „„ r „;„f 1111 

S “’“ “I. . . cut a “ " '• 

there remains left an amount whirl, is nurd to the l 7 " 
between the original le„ K lh 14 ft. 6 in In u T™ 

cut off. I„ this subtraction the units ure t, 
previous problem and (he subtraction In-jus in T’l ^ ^ 

inches. This works out as follows " ^ Unit ' 


13 18 

Kft. /ri„. 
11 ft. 11 in . 
2 ft. 7 in. 


is faLtZlhlrr,'"' 7.. f "»" « i".. 30 1 «.i. 

to the number of "ncL i “'rT-■ d ‘. ,,,ni, . ,,,l!lti ' m and added 

This” enables ^ t0 f l^m to «£ 

At the same ti “ i^TZut. ‘to uT" t0 ^ P ^ 
e result of this subtraction, as shown, is 2 ft. 7 in. 

Oif the pTccca\™^ t ;lk Vff n“' “ ttcr 
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SUBTRACTION OF MEASUREMENTS 

Problems Involving Subtraction of Units of Different Denominations 

1. Subtract 9 ft. 10 in. from 14 ft. 2 in. 

Subtract 5 ft. 3J in. from 12 ft. 4 in. 

Subtract 11 ft. 9 in. from 18 ft. 5 in. 

2. How many feet of window-screen wire remain in a 25- 
ft. roll after using pieces totaling 18 ft. 4 in. for repairs to 
house window screens? 

3. Determine the number of feet of 1-in. stock needed in 
making 26 pieces as per the following dimensions. 



In cutting these off and finishing them to size there is a 
waste of r 0 - in. on each piece. At this rate how many feet of 
stock should remain in a 9-ft. bar from which these 26 pieces 
are made? 

4. To build a wooden shelf, 2 pieces of pine each 3 ft. 10 in. 
long are cut from a board that measures 12 ft. 6 in. long. 
Neglecting the width of the saw cut, what is the length of the 
piece that remains? 

5. Two pieces of belting, one 5 ft. 9 in. long and the other 
11 ft. 10 in. long are to be joined together with a third piece 
to make a belt that is to measure 22 ft. 4 in. long. What must 
be the length of the third piece needed to make up the required 
length? 

6. A room which measures 12 ft. 9 in. wide by 18 ft. long, 
has 2 windows on one side extending from 18 in. above the 
baseboard to the ceiling. The total width occupied by these 
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windows is 6 fl. 10 in. H mv , nany 
nmlcd to go around (ids mom? 


applied mathematics 

fr " 1 nl |,i, lure molding u 


7. Ill order lo use a Kl-in.-wide luiard for , 

necessary to cut a piece 11 fi. 5 in. long n |f niu , cnf , , lli s 

knotholes and cracks. The o.iyinal length of ,he i, f 0 ' 

Hfl. 3 i„. Whiil b ,1m of „i,n. r™ ai S«T ** 

. 8 ' Fo “ r an R ul: ' r Hk«* tl>«‘ following are cut f. 

Piece 12 ft. 4 in. long. What is the total amount n J 
used, allowing { in, for cutting off each piece? H ^ 
remains? p,tte? How mud, 



* ? t ® ck for turn,,1 K 12 screw-driver handles like those 
below is to be cut from a piece of maple H ft, 9 i n . l onc 0n . 

mch js added to the length of each handle for finishing and 
cutting od in the lathe. What is the total amount in fee^t and 
- -.. . - 



a r lf t TT" C thc lc "? h nf SosEhoarU molding needed b 
tkL roomll, “ Ure l “ "■ 9 *"• ** Ky 12 ft. « to. long. I, 
to bo made f,Teach „f fcT “ dC ' , ‘" :U "" <* 3 «■ 4 “■ • 
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11 On the following floor plan determine the length of the 
dimensions that are noted by the question marks. 



12. A workbench measuring 18 ft. 0 in. long is to be shortened 
so as to measure 15 ft. 9 in. What should be the length of the 
portion that is to be cut off?* 

ANSWERS TO PROBLEMS 

Pages 162 to 165. 

1. 17 ft. 7-J- in.; 17 ft. 11 in. 

2. 31 ft. 5 in. 

3. 15 ft. 3 in.; 1 ft. 6 in. 

4. 19 ft. 11 in. 

5. 11 ft. 1 in. 

6. 182 ft. 6 in. 

7. 16 yd. 

8 . 26 ft. 8§ in. 

9. 44 f t. 

•Answers to these problems will be found on page 170. 


10. 27 ft. 5 in. 

11. 38 ft. 9 in. 

12. 395 ft. 4 in. 

13. 13 ft, 3 in. 

14. 108 1b. 

15. 31 ft. 3 in. 

16. 33 ft. 3 in. 

17. 18 ft. 7 in. 

18. 17 lb. 
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1- 4 ft. 4 in.; ? ft. > i„. : r, ft. s j n 

2. 6 ft. «H in. 

3. 6 ft. ‘J» in.; 2 ft. 2] in. 

4. 4 ft. If) i„. 

5. 4 ft. ') in, 

6. 54 ft, 8 in. 

7. 11 ft. 10 in. 

8. K ft, in.; 8 ft. in. 

9. 6 ft. ft in.; 2 ft,. 8 in. 

10. 39 ft. 10 in. 

11. 28 ft. 2 in.; 16 ft, 8 in.; 12 ft 0 

12. 2 ft. 8 in. 


APPLIED MATHEMA, 


in. 


Melt''"" '" V ° 1 ™ 9 AdJi,i °" S “ b *«™ •( Li„ 

1. What is the sum m tl,, following measurements' 

2 yd. 2 ft.. 8 yd. 7 in., ft ft.. 1 ft. 8 in. 

2. To make up an order of nmhoeanv spindles i 

2 fL. 5 in. long, and the third piore 8 ft it) in , nn 
the combined length of ( |„ee pi,,.,',,;, K< Whatt 

r«r\fcon«lSm !*"* ,h< ‘ 

1 piece 2 ft, ft in. 

1 piece 2 1 i ,8 in. 

1 piece 8 ft, 5 in. 

1 piece 1 ft. 11 in. 

from a steel"bar 7 4 'r t* 7 ) ^ C . ,ay ’ s work a ^Tick-room boy cuts 
2 ft. 9 i n , 3 f,. 1n . ' ln ‘ 011 b r > d pieces of stock measuring 
weighing 6 lh no • p 11 '' ^ ^ ^ lids stock is listed as 

weight of the'piece'that renudns ? 1 SlK, “ lfl ^ 
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5 In constructing a small closet for home use a boy 
purchased 2 boards each 12 ft. long. After he has finished 
making the closet he found that he had one piece left that 
measured 1 ft. 10 in. long and another piece that measured 
2 ft. 7 in. long. What is the length of lumber actually used 
in constructing this cabinet? 

6 . Two strips of thin copper are used in making 42 pieces 
according to the following drawing. One piece measured 5 ft. 
10 in. long and the other 4 ft. 7 in. long. How much material 
was wasted in making these pieces? 



7. The present line of shafting in a woodworking shop 
measures 11 ft. 8 in. long. This is to be extended, howevef*, 
until the entire length is 10 ft. 4 in. IIow long a piece of 
shafting must be added to the present line to make up this 
difference? 

8 . Three pieces of leather belting, 30 ft. 6} in. long, 15 ft. 
5 $ in. long, and 12 ft. 9yjJ in. long respectively, have been cut 
from a roll of belting which originally contained 89 ft. 6 J in. 
of belting. How much of the belting is left for future use? 

9. From an original stock of 3 pieces of round tool steel, 
each 6 ft. in length, the following pieces were used: 6 f in., 
8 J in., 2 ft. 2-!% in., in. The dimensions given include the 
wastage due to the saw cut, How much of the original stock 
is left for future use? 
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MU t{o L ns NG UNITS ° F TW0 or more denomina. 

. Measurements involving mills of two or morn a 
tions nun- be multiplied by a.short method somewhat Z? 
that m addition as explained <„i pane 161. Tl,i. ? b 
illustrated in the following example. ‘ met * 1 °di! 

Example 1 : 

What is the combined length of 7 .strips of oah • 
measuring 8 ft. l 0 in. long? k floonn S^ 

Solution and Explanation: 

If each strip measures 8 ft. 10 in. long, then 7 strips will 
ure 7 times that amount. P meas ' 

To multiply such measurements express the oinmiii 
shown below and multiply each item separately. When thist 
done, change the item of the lowest denomination L i 
equivalent in the next higher denomination. This amount k 
then added to the unit of the higher denomination much the 
same as in the process of addition. ™ 

8 ft. 10 in. 

_X7 

56 ft. 70 in. 

Thus, 8 ft. 10 in. multiplied by 7 equals 56 ft. 70 in 

which isTfTLo 0 m "v thCn , I . edllCed t0 itH equivalent in feet, 
Which is 5 ft. 10 m. hrom this, the unit 5 ft. is added to the 

56 ft. changing that amount to 56 ft. + 5 ft. or 61 ft This 

changes 56 ft. 70 in. to its equivalent 61 ft. lo'in 

of 61 ft/lb in** 7 StHPS ab ° Ve me,ltioncd have a total length 

inc Tl t-hcTLn 0d ,° f rf lplyinff iS USGd t0 advanta B e in calculat- 
To dir 1 fl ° 0r C ° Ver[ng needed for a Biven surface, 

covering 1 am ° Unt ° f car P et - ‘inoleum, or other Hoot 

to be if -1 d fi d t0 C °, Ver a glVen surface - the number of strips 

So le,! h of u Ca,CUlated - This is multiplied by 

to va H of each strip, the resulting product is then reduced 
to yards, giving the number of yards required. 
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MULTIPLYING different units of measure 


Allowance should be made for the waste in matching the 


patterns. 

This process 


of multiplying such units is applied in problems 


like the following. 


Exampl® 2 ; 

A floor 18 ft. wide and 18 ft. 10 in. long is to be covered with 
linoleum, The linoleum strips which are one yard wide are to 
belaid in the direction of the. length of the room. What is the 
total number of yards needed to cover the floor? No allowance 
is to be made for waste or matching. 

Solution and Explanation: 

Since the room is 18 ft. wide, then the number of strips 
needed to extend across the floor would be found by reducing 
18 ft. to yards. 

This becomes: 

18 -v- 3, or 6 

Since each strip is one. yard wide, 6 strips are needed. 
6 strips each 18 ft. 10 in. long makes the total amount needed. 

18 ft. 10 in. 

XC> 

108 ft. 60 in. 

Changing 60 in. to feet equals 5 ft. This changes 108 ft. 
60 in. to its equivalent of 113 ft. Since there are 3 ft. in 1 yd., 
then in 113 ft. there are: 

113 -4-3, or 37-j) 

That is, 37| linear yards will exactly cover the above floor, 
no allowance being made for waste or matching. 

Problems Involving Multiplication of Units of Two or More Denom¬ 
inations 

1, To fence in a small garden 6 lengths of wire fence are 
used, each measuring 15 yd. 2 ft. long. What is the total 
length of fence material required for this? 
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APPLIED MATHEMATICS 

2. An order In a woodworking simp rails for 10 table legs life 
the; following. Adding t in. to tin- length of each leg f or Waste 
what is the total length of stork needed for this order? 


=3tr~ 

T— 

n 

-... 

L - 2'-3j — 



3. IIow many linear yards of carpet are needed to covet, 
room 12 ft. wide by 20 ft. 3 in. long? This carpet is 1 yd, wife 
and is laid in the direction of the length of the mom. No allow-1 
ance is made for matching. 

4. To finish a certain job on a machine there are used! 
bars of lj-in. round steel, earth bar being 10 ft. 4 in. long. 
What is the total length of all this material? 

5. A storm door 6 ft. 10 in. high is constructed by using 
5 boards each 6 in. wide and 6 ft. It) in. long, What is the total 
number of linear feet in these boards as used in making this 
door? 

6 . To build a steam-heating coil 5 lengths of pipe each 
measuring 8 ft. 9 in. long are used. Whal is the total length 
of piping used in making this heating coil? 

7. What is the cost of the linoleum necessary to cover at, 
office floor which measures 12 ft. wide by 19 ft. 6 in. long? 
This linoleum sells at $2.25 per yard and comes 36 in. wide, 
It is to be laid in the direction of the. longest dimension. 

8 . How many linear yards of carpet 27 in. wide are needed 
to cover a floor that measures 13 ft. 6 in. wide by 16 ft. 6 in. 
long, the carpet being laid in the direction of the length of the 
room. If the price of this carpet is $1.60 per linear yard, what 
is the total cost of the carpet needed? 

9. In constructing a brace like the one in the following 
sketch, there are used 2 pieces of 2 by 4 pirn: each measuring 
1 ft. 10 in. long, and 1 piece ot 2 by 3 pine measuring 2 It, 



MULTIPLYING DIFFERENT UNITS OF MEASURE 175 

5 in. long. What is the total length of (?acli size needed to 
make 6 such braces? 



10. How many linear yards of linoleum are needed to cover 
aroom 18 ft. wide by 20 ft. 6 in. long? The linoleum used is 
lyd. wide and is to be laid in the direction of the length of the 
room. No allowance is made for matching or fitting. 

11. In constructing a board fence 120 boards each 6 ft. 5 in. 
long are needed. What is the total number of linear feet in 
this number of boards? 

12. Three pieces of matting each 14 ft. 8 in. long are sewed 
together in one strip for a hall carpet. Deducting an allow¬ 
ance of 6 in. for sewing, what is the total length of this strip? 

13. Fifty-four posts each 9 ft. 3 in. on center are used in 
building a fence enclosing a plot of ground. What is the dis¬ 
tance around this plot? 

14. How many yards of carpel 27 in. wide are needed to 
cover a floor 9 ft. wide by 26 ft. 3 in. long. This carpet is to 
be laid in the direction of the length of the room. If the price 
of the carpet is S1.25 per linear yard, what is the total cost 
of the carpet needed for this room? 

15. To construct a board fence, a carpenter estimated that 
be would use 86 boards each 4 ft. 9 in. long. How many linear 
feet does this equal ? 
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mathematics 


uw,rm,ne the total lenjj 
' f ,lal s ,' nf ' lc ,u '«led to const, , 
, ar ! Hular ^icos according 
Ihf drawing to the left. 


17. To turn out 302 pieces 
like those in the sketch to the 
right, 6 pieces of stork cadi 
It) ft. 8 in. long are used. What, 
is the total length of material 
used? What: is the percentage 
of wastage? 




18. What is the con- 
Lined length of 84 
hoards needed for the' 
hatchway cover will, 
measurements as ill®, 
trated to the left? ■ 


19. In order to make a certain picture frame, 5 ft. 10in 
of picture-frame molding are needed. How many feet of« 
molding will he required to construct 8 such frames? 

20 The stock-room boy in a machine shop finds in check. 
on hand matenalS ^ ^ has the follow ing i-in. flat stock 

3 pieces 1 in. wide each 6 ft. 8 in. long 

pieces ij in. wide each 8 ft. 5 in. long 

12 pieces U in. wide each 10 ft, 3 in. long 

What is the total length of each size of stock? 
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MULTIPLyiNG DIFFERENT UNITS OF MEASURE 

21. Four straps of band iron arc used around a heavy 
wooden box containing machine parts labeled “For Export 
Shipment.” Each strip measures 8 ft. 4 in. long. What is the 
total length of band iron used on this box? 

22. To turn out an order of 110 brass-pinion shafts like the 
following, 3 pieces of brass stork each 11 ft. 9 in. long were 
usec l, What was the total length of stock used? If there was 
,,o spoilage or wastage due to cutting off each piece what 
was the amount of stock needed? 



23. Thirty-six pieces of 4 bv 4-in. oak each 2 ft. 8 in. long- 
are needed for 9 tables. What is the total length in feet and 
indies represented by this number of piece's? 

24, A cabinet-shop order calls for 6 pieces of mahogany 
turned as per the following dimensions. 


PSZCCjq 

L - e' - a f- - J 


There is to he added to each piece 1} in. for finishing and 
cutting off. What is the total length of material required for 
this order? 

25. In punching out an order of 112 blanks like the follow- 



178 


applied mathemaj 


■■ 

inj>. 5 strips of sheet lu asr* u.irh \ f* o 
tlu- total Icnutlt «»r sirippiiin 110^^?' Deter,tl '» 

ULn w as waste' 


°I§ 1^~ 



-/ J - -1 

3/crnfc as punched 
from strip 



Waste strip after 
blanks are punched 


26. The yourt K man in the foil, wine nirli,™ I1B . In 
of webbintf each 2 ft. 3 in. l„ I)f r in nulnhokfo ^ 1° Stripi 
as shown. IIow many yards of wcl.lm,* is lhis e "J^ e ? cl,ai[ 



27. In preparation for the win... 
plans to put special w.-m , • -storms a young man 

in which he lives Wt ^herstnps cm two doors of the house 

2 top and *2 botto'i^ jw ti,K fnllnwin H measurements: 

strips each 6 ft in; stn P s e fh 2 ft. 10 in. lon K; and 4 side 

stnprequired for the™ Zn d,!^p* ^ ° f 

"Answers t„ these problems will be on p;w> 



179 


DIVISION of units of measure 
DIVISION involving two or more units 

The division of numbers involving two or more units is 
carried on by a short process in a manner similar to that used 
in mullipIyn'K linear units. How such calculations are worked 
out is illustrated in the following problem. 

Example: 

A space 27 ft. 9 in. long is to be marked oil into 6 equal 
divisions. How long will each division be? 

Solution and Explanation: 

This problem might be solved by reducing 27 ft. 9 in. to 
inches and then dividing that amount by 6. The quotient 
could then be changed back to its equivalent in feet and 
inches. But the following process is shorter and convenient. 

To lay off into 6 equal divisions the space which measures 
27ft. 9 in. long, is really to divide 27 ft. 9 in. by 6. This is ex¬ 
pressed as (27 ft. 9 in.) 6, and works out as follows; 

3 45 

6)>rfl. W in. 

" 4 ft"' 7'fim 

In this process of division 6 will go into 27 four times with 
3 remaining. The number 27 is crossed out as noted and 3 is 
placed above it while the quotient 4 is placed below it. The 
remainder 3 is in feel, so before it can be carried over to the 
unit of the next lower denomination it must lu; changed to 
inches, and then added to the number of inches already ex¬ 
pressed. Three feet equals 36 in. This, added to the 9 inches 
changes it to 45 in. This is the new dividend and it is placed 
above the 9 in. which is now crossed out. 

Six will then go into 45, seven and one-half times. This 
gives the complete division as 4 ft. 7\ in. 

That is, each of the 6 divisions as marked off on the space 
27 ft. 9 in. will be equal to 4 ft. 7 \ in. 

The correctness of this answer may be determined by 
checking it with tin* method referred to at the beginning of 
this problem. 



160 APPLIED mathematics 

Problems lnvolvin g Division of Two or More Denominations 

U A Hnc of shafli »K 23 ft. 3 in. long- is (o ] mve IT 

equally spaced throughout its length, one being n | arpf] " ger * 
end of the line. IIow far apart will they 1,„ | nc ^! cd? d ateach 

2. To lay out a stenciled liorder on the coiling nf 
requires that the length of the ceiling, which i s ]« 

be divided into 8 equal parts in order that: the units'of I” 
design may be properly spaced. What is the Iemrih nf ! 
of the 8 divisions? gth of ea ^ 

3. A shelf support 18 ft. 8 in. long is to be divided uo into 
14 equal spaces far I,ac Looks. How far apart trill 

4. A pipe line 41 ft. <) in. long is made up of 7 lengths n ,» 

of which is 5 ft. The remaining six are all equal in Ip’ h, 
What is the length of these 6 pijws? 1 ^ 

5. If it takes 278 ft. 4 in. of wire fencing to enclose a square 
P ot of ground, how much is used for each side of this plot? 

6. A plank JO ft. 4J in. long is to be cut up into 3 equal 

Spi-tr il,c ,<f >*■<-.js 

. A S , trip of an h r * e iron 10 ft. 9 in. long is cut into 6 equal 
P ? *0 be used as braces, flow long will each be, no X 
ance being made for the width of the saw cut? 

tances ana? T1 9 l0,,K I,!lS 12 honks H Paced equal di, 

each end If J m " CUher ° I,d ' hlMTOr - lic 2 i''.fron, 

other hooks ar^aced. ^ d,aBmni how far apart the 

if tLeTrrr are T dcd for a wir ° ^ 49 ft - 9 h 

Draw a hT T 7 * paccd - lunv far apart will theybel 
distance they are apart™* 1 "* P ° sitio,,H ’ indicatin g the 

told to cr,r,°I idL ; materkd p)t " 11 contain. job, an apprentices 
into 6 equal parts a bar of flat brass stock which 
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DIVISION of units of measure 

13 ft. 9 iii. long. What is the length in feet and 
inches of each piece as measured off before the cutting? 

11 Eight equal lengths of steam pipe are. joined together 
in making a pipe line 01 ft. 4 in. long. What is the length of 
each section? 

12 A bar of iron 11 ft. 5 in. long is to be cut. up into 5 equal 
lengths, The saw cut is A in. wide. Make a drawing showing 
how such a bar would be measured olT. What is the length 
of each piece as cut? 

13 A sheet of galvanized iron measuring 6 ft. 8 in. long is 
to be cut into S equal pieces. How wide will each strip be? 

14. Three metal bands, or lumps, are made by cutting a 
strip of f-in. band iron measuring 14 ft. 9 in. long into 3 equal 
lengths. Allowing 1J in. for making the lap joint, what is the 
diameter of each hoop? 

15. A corridor 72 ft. 6 in. long has 6 droplights equally 
spaced. The end droplights, however, are 5 ft. from each end 
of the corridor. What .should be the distance between the 
drops? 

16. A pine board 15 ft. 4 in. long has a piece 8 in. long cut 
off one end because of knots and cracks. The remainder of 
the board is to be cut up into 8 equal lengths. Neglecting the 
width of the saw cut, what would be the length of each piece? 

17. How far apart: should the droplights be placed in the 
following diagram of a hall ceiling? I )rops to be equally spaced. 


- 5-0" 

—— Drops to Jb<z <zquo//j/ spaced -—-j 

} — cl) — 6 —^ 
— ? —1— ? — 4 * F - 

)~ 

S'-O" 

> 

i 

{ 

i 

l 

i 



182 


18. A workbench 22 ft. 


applied mathematics 


legs spaced equal distances apart K 'fli” oi^nf ,. 4 j? etal b ®H* 
end legs are In lie 1 ft. from each end. I[, nv of * 

center lines nf the other legs.-'- 1 part are the 


Panes 173 to 17 S. 


ANSWERS TO PROBLEMS 


1. 94 yd. 

2. 24 ft. 2 in. 

3. 27 yd. 

4. 72 ft. 4 in. 

5. 34 ft. 2 in. 

6. 43 ft. 9 in. 

7. $58.50. 

8. $52,80. 

9. 22 ft. of 2 by 4; 

.. ft. 6 of 2 by 3. 

10. 41 yd. 

11. 770 ft. 

12. 43 ft. 6 in. 

13. 499 ft. 6 in. 

Pages ISO to 1S2. 


14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 
27. 


yd.; $43.75. 

408 ft. 6 in. 

13 ft. 8 .*, in, 

04 ft.; 4.3%. 

18 ft. 8 in 
46 ft. 8 in. 

20 ft.; 42 ft. 1 i n . 191 
33 ft. 4 in, ,123(t ' 
35 ft, 3 in.; 


96 ft. 

14 ft. 

18 ft. 4 

71 yd. 

38 it, 8 in 


in, 


32 ft. 1, 


2 ft. wasted. 


1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 


7 ft. 9 in. 

2 ft. 3J in. 
1 ft. 4 in, 

6 ft. 1J in. 
69 ft. 7 in. 

3 ft. 51 in. 
1 ft. 9J in. 
1 ft. 7 in. 

8 ft. 3}j in. 


10. 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 


2 ft. 31 in. 

7 ft. 8 in. 

2 ft. 3} in. 

1 ft. 4 in. 

18.302 in. diameter. 
12 ft. 6 in. 

1 ft. 10 in. 

8 ft. 5 in. 

6 ft. It) i„. 


R ' Vi M,rrJ” V ° IVi "’ Division of Linar 

to^:* r ^s c w^r^; u - ‘t 1 «*? 

these strips? 1 ° 1 11 numbcr of yards 111 

repairs to a^vodtbench 4 The ; 0 ^ ^ ^ making 

, 7 1 he carpenter cm this job finds he must 

Answers to these problems wiM be fcniml ,m thin page. 
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DIVISION of units of measure 

cut off from th‘ s board a I li( ' c ' e 1 U- 7 in. long because of cracks 
and knots. The part remain ini' is to be: cut, into 3 equal lengths. 
How far apart arc the saw cuts? Draw a plan of this board 
showing the location of the sawing lines. 

3 , What is the length of a coil of wire which weighs 12 lb. 
if 18 ft. 4 in. of this wire weighs one pound? 

>1 

4 , A young man planning to put up shelving in his cellar, 
orders 3 boards each U) in. wide and 12 ft. long; 2 pieces each 
8 in, wide and 8 ft, 4 in. long; and 3 pieces each 6 in. wide 
and 9 ft. 6 in. long. Calculate the total number of linear feet 
of lumber used for this shelving. 

5 , Lay out on the following ceiling plan, the position of 
"droplights” according to the. following specifications. There 
are to be three rows wit h 4 “drops" in each row. The outside 
“drops" are to be 6 ft. from flu: walls as shown. 
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mathematics! 

6. Four l(‘iit>lhs of steam pipt' uadi 8 ft. 9 [„ | 

in replacing a defective pipe lint*. What is the com hi. “n ^ 
of these piecesr 1 Dlnedle ngl! 

7. A copper tube 10 ft. X in. Um K is to he cut ; n( . n . 

Parts. Ncglrjlinjr the width of the saw cut howl ^ 
each piece be? n°w long^ 

8 . A hoy who has the job of erection a f enr n c l 
yard finds that he lias been allowed six fence posts "if* 
distance between the centers of the end posts is 41ft 
what is the distance between the centers of the other post] 



BOARD MEASURE 


Board feet, shop practice, 
estimates, practical jobs. 




Board Measure 


While units of linear measure are used in measuring lengths 
of lumber, the amount, or quantity, of (.his material is indicated 
by a particular unit called the board foot. 

This unit is the measure of a board which is one foot long, 
one foot wide, and one inch thick. Such a board contains one 
board foot. This is abbreviated bd. ft., as in 36 bd. ft. 

At times the expression "ft. B.M.” is used instead of the 
expression "board measure,” as 36 ft. B.M. Ft. B.M. is the 
abbreviation for feet board measure. 

The number of board feet in a given piece of lumber is deter¬ 
mined by multiplying the length in fret, by the width in feet, 
by the thickness in inches. If the thickness is less than 1 in.' 
it is considered as ecpial to 1 in. in such calculation. 

The following sketches may help in making clear the mean¬ 
ing of board measure. 



1«7 
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previous piece-, j) 1( 


APPLIED MATHEMAUd 


! ‘ ri ' is one 


e b °ard f 0ot 


In each of (|ir< 
illustrated. 

Board No. I is 1 f t . | ()I1M| , f ,_ w . i(1| 
produc t of them* dimensions is 1 . Therefore n*" t !’ lc * c ' The 
foot: in this piece of lumber. ’’ 1 lCre 18 1 board 

ls 4 »r J ft. The thickness bei„ K 2 in this" d le ' Vldtk 
111 ** ™""ing calculation ns jnevinu^' Zw * 
niulu,ilk';ici„„ of , 1 ,, I,.n B .h l,y M'S* 

IS worked out by cancellation as follows, Y ° th ckness 

i i j X 2 or ' 4 x >; i 

-> -,r * i - h 

This indicates that in hoard N„. 2 ,|„, re is one board [« 

}« a .iWlnfoVlTl" “s 

e ?! rc, s «i pa, XTrrr ™ yl! 

™d^u!:,,it: a r "' 1 ... 

1 he solution of this problem would then become: 


i 8 v * y 2 j% 4 
12 X 12 X 1 * 0r X j, r X j 

<r & 


,r 


1 . 


As seen this Rives the same result as the above 

thickness"! u“' Tf - . 1 "*?, 1 * * <l*« wWd. 4} in., aadih, 

, . 11 ‘ dbc board-foot measure of this piece is cal 

ciliated as suggested in the above note. 


8 X 4 ^ y 4 -8" % &■ 

X *2 X 1' '"jj x j xf-1. 

-r <r 


12 


T'l - 

hat is, there is 1 board foot in piece. No 3 

the thickness°is^J fo° ^" Kth ,M . 16 m " tlu! widLh is 9 in., and 
a ■ As pieviously explained, this thickness 
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being less than 1 in., 

The solution then becomes 


it is considered ns 1 in. in the calculation. 


12 


9 

12 


X 1, 


A 

xi 

A 


A 

a 

X > 2 X 

a 


l = l. 


In determining the board measure of lumber that is 1 in. or 
less in thickness, the figure 1 may be omitted from the calcula¬ 
tion as its use does not effect the result. According to this 
the above solution would become: 


A' 

MS 

XI 

A 


x 


A 

A 

XI 

A 


= 1 . 


This gives the same result as the above calculation. 

This method of calculating board measure is used in such 
problems as the following. 

Example 1: 

How many board feet are there in a piece of lumber 14 ft. 
long, 9 in, wide, and J in. thick? 


Solution and Explanation: 

As this piece is less than 1 in. thick the board-foot measure 
is determined as follows: 


7 3 

.. 9 14 a 

14 x T2 1 " r T x yi 

A 

2 


2 ,y or 105 . 


That is, there are 10^ bd. ft. in the above piece of lumber. 


Example S: 

Determine the number of board feet in 4 pieces of lumber 
each of which measures 30 in. X 6 in. X 2 in. 


Solution and Explanation; 

In this problem the thickness of the lumber is over 1 in., 
and the actual thickness, 2 in., is used iti the calculation, The 
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!‘‘ nK,h 1,1 ; ‘"'l >)»'• width in in. h.-s an- Hem , 

m the cancellation us shown. ' (,la ^d to f eet 


30 

12 


ft 

12 


.1 

, dtf 

2 , or 

.hr 

4f 


■) 


2 or 2 i- 


1 hat. is, in one of these hoards there are 21 bd f 

In 4 boards there arc 4 21 , r „- It) lid. ft,’ ' f lImber ' 

I ' 10,11 a H,u '*y (| f <his problem it nmv lie n 
number of board feet in the 4 pieces of lumber „,i R li t hte, ° 
determined m one operation, bv iimlliplvimr ^ 

the width, by the thickm-s, by tin- p )|a i „„ C " gth by 
Hie solution aceordin K to this method works out as” 


10 

3(1 


tf 




yr X Ja X I X 1 
£ Z 


10 board feet, 


Ihis illustrates how the board me ism,. , r 

.. 

LUMBER TERMS 

Lumber in quantities is boueht ami sold In- o o 
board feet, the letter "M" I, i , . 1,0 U,0L,slIld 

sr *■ 

boa™r “** »■"* « m I>or thousand 

th.° 'T‘: """* ... -«y be .Old b, 

;rr*r -- - 

"icssed'otKm K T""*7' cill, " r i“ "".u K h stock” », 

), lun ""; r "’“i■■ in *•»* 

has been Maned m- « r > M ‘ (l Mock 1H Limber that 

This latter sin V 1 ir ^ atCl ’ 0,1 om; <,r ni, »e sides as directed, 
cabMctwoa 15 **** «*• for » fc 

. . r, 1 * 1 " ™'A ft ft** 

dithsed on two sides, it is specified as 
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LUMBER TERMS 

D.2.S. If it is to be dressed mi one side and one edge it becomes 
D.l.S.l.E. If the 2 sides and 2 edges are to be dressed, the 
expression used is D.4.S. 

Sometimes the word surfaced is used instead of the word 
dressed and the letter D becomes changed to the letter S. 
In such case S.2.S. would be used instead of D.2.S., and 
S.4.S. instead of D.4.S. However, to avoid confusion the 
letter D will be used to refer to either surfaced or dressed 
lumber in the calculations which follow. 

It should be remembered that when lumber is to be dressed 
on two sides, the thickness is reduced by from -f a - in. to J in. 
Because of this when a board is ordered dressed, its final thick¬ 
ness is not as much as its original or nominal thickness. For 
example, a 1J—in. oak board D.2.S. will measure approximately 
l^f in. A 1-in. chestnut board ordered D.2.S. will measure 
about fo in- A 2 by 4-in. piece of birch will measure If- by 3f 
in. when ordered dressed on all sides. 

If it is desired that the given dimensions be those to which 
the lumber should measure after dressing, it should be so 
specified. This will necessitate "dressing down" a piece of 
slightly larger dimensions as above explained. This fact might 
well be remembered in ordering lumber. 

Problems Involving Calculations in Board Feet 

1. How many board feet are there in each linear foot of 
a 1-in. board which measures 3 in. wide; 4 in, wide; 9 in. wide; 
and 10 in. wide? 


2. Calculate the cost of live following bill of material: 


18 pieces red oak 12 ft. X 
5 pieces red oak 10 ft. X 

5 pieces red exile 10 ft. X 
12 pieces red oak 14 ft. X 

3 pieces red oak 8 ft. X 
7 pieces red oak 12 ft. X 
9 pieces red oak 12 ft. X 

6 pieces red oak 10 ft. X 


9 in. X J in. © §135 per M 
4 in. X 2 in. © 170 per M 

6 in. X 3 in. @ 185 per M 

12 in. X 1J. in. @ 155 per M 

4 in. X li in. © 155 per M 

8 in. X fin.© 135 per M 
6 in. X 2 in. © 170 per M 

8 in. X 2 in. © 170 per M 





applied mathematics 


3. At 12£ per board foot what i.s tin; cost of the luml 
used in making the piece illustrated in the following draw,' 
An addition of 20% is to be made for waste. ng 


sX X /0*x / 


4. How many board feet of oak are then' in 24 of the small 
tables as shown in the following drawing? If this lumber costs 
$96 per M when finished to the specified thickness what would 
be the cost of this material, no allowance being made for waste? 
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5 Calculate the number of board feet of each kind of 
material in this list, also the total cost of the bill of lumber. 
128 pieces II in. X 6 in. X 12 ft. spruce 
30 pieces 2 in. X 4 in. X 10 ft. sugar pine 


Spruce sells at S70 per thousand, 
87 per thousand. 



and sugar pine sells at 

6. Find the number of 
board feet needed in building 
6 small benches as shown in 
the drawing to the left. No 
allowance is to be made for 
waste. If this material costs 
$00 per M when finished to 
si/es given, what is the total 
cost of the lumber used in 
these benches? 


7. A young man having souk; repairing to do at home 
presents the following list: of material to the lumber dealer. 
The boy is told that when this lumber is dressed as specified 
it will cost him 12ft aboard foot. What does the bill amount to? 

4 boards in. X 9 in. each 9 ft. long 

6 boards U in. X 10 in. each 6 ft. long 

6 boards :{ in. X 12 in. each 8 ft. long 

All boards to be first-grade sugar pine. 


8. How many board feet of 
lumber are needed to build 12 
carpenter's horses according to 
specifications in the sketch to 
the right? 

9. To construct a wooden 
sidewalk 6 ft, wide and 50 ft. 
long, boards 1 in. thick and 
10in. wide are to be used. The 
hoards for this walk are to be 
cut 6 ft, long and laid in (he 



direction of the width of the 



iy4 appl| e» mathematics 

sidewalk. In cutting these in size, 5% is allowed for , 
Running lengthwise under these boards for the entire 
of the walk there are to be three rows of 4 bv 4 in “ + • engtl > 
each 10 ft. long. Y in ‘ stri nger S ,” 

h„*“ee thc "*■ lum,K!r “ 860 m thMM 


10. Make out the bill of 
illustrated. At $60 per M, 


material for 12 concrete forms as 
what is the cost of this material? 


'£ *-4l4?Y$ocsJ _ /f* 4"«/z "(a fl cs.) 


x/6'fep csj/ 



pcs ) 


11. How many linear feet of a board 
will it take to make up 54 lid. ft.? 


l i in. thick, 9 in, wide, 


12. How many linear feet of 2 bv 
bd. ft.? 


4 will it take to make 32 


13. Calculate the number of board 
of material: 


feet in the following bill 


10 planks 14 ft. X 6 in. x 2 in. 

18 planks 12 ft. X 8 in. X 2 in. 

6 planks 12 ft. X 6 in. X 2 in. 


At $57 per M what is the cost of this material? 

thit ermi m r he i numbcr of 1)oard fcut in a piece of lumt 
that measures 12 ft. long, 10 i„. wide, and 8 in! thick. 
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15. A shop order calls for 24 drawing hoards as per the 
following dimensions. What is the total number of board feet 
in these drawing boards as finished? 



16. How many board feet of 11-in. lumber will be required 
in making a wooden platform 18 fL. wide by 24 ft. long? 
These boards arc to be nailed to stringers already in position. 

17. Calculate the board feet in 3 pieces of oak 2-J in. thick, 
8 in. wide, and 12 ft. long. 

18. Determine the number of board feet of fir needed to 
build 3 platforms according to the following dimensions. No 
allowance is to be made for waste. 



19. What is the total amount of the following bill of 
material : 

12 pcs. chestnut 8 ft. X 2 J-in. X l^-in. @ 16yf per board foot 

12 pcs. chestnut 6 ft. X 4 in. x4 in. @ 15^ per board foot 

18 pcs. oak 12 ft. X 10 in. X -Jin. @ 9 (4 per board foot 



applied mathematics 


20. How many board fret of birch are there in r • , 

bench top in the drawing as shown below? Ilnis N 

21. A house repair job calls 

for 6 pieces of lumber 2 in. x -——— 

4 in. X l()ft. and 8 pieces each 

lin. X 8 in. Xl2fl. AtKepor J T 

board foot what is the cost of 

this material? pkjTT / ' 


lJ.L *3'-4"*a-6" 


-- ~ 3 '~ 0 '^ 


boards 

' 3 "ih‘ c k 

4 e"»jd* 


22. At 12A per board foot when dressed 
on all sides and cut to the dimensions 
tpvon what is the cost of the material 
needed to const met the storm door in the 
sketch to the left ? 


23. In building the set of 
shelves as shown in the draw¬ 
ing to the right, how many 
board feet of lumber are used, 
adding 25% of lumber for 
waste? 






197 


[UMBER TERMS 

24 . How many linear feet of hoard 1 in. thick 6 in. wide 

nil! it take to make (58 bd. ft.? 

25. Calculate the total hoard feet in the following list: 

2 pieces fir 4 in. X 6 in. x 8} ft. 

2 pieces fir 2 in. X 8 in. X 12 ft. 

S pieces pine 1} in. X .Sin, x 10 ft. 

2 pieces pine J in. X Min. X 12 ft. 

26. How many hoard feet in 15 pieces of 2 by 4 each 16 ft. 
long? 

27. Calculate the board feet; in a timber 4 in. thick, 6 in. 
ivide, and 14.} ft. long. 

28. Determine the number of board 
feet of lumber in 24 pedestals as per 
the dimensions in tin; drawing to the 
right. 

29. A repair job on a house [torch 
requires the following lumber: 


6*6 


3 pcs. 2 in. X 8 in. X 10 ft. 

3 pcs. 2 in. X 4 in. X 10 ft. 

2 pcs. 2 in. X 6 in. X 10 ft. 


1 

fl 

M 

PI 


t9 




Rl 


ES 

(j 

HH 



Jjb 

S 


What will be the cost of this lumber 
at §50 per thousand board feet?* 



ANSWERS TO PROBLEMS 

Pages 191 to 197, 

1. \ bd. ft.; bd, ft,; J bd. ft,; ;} bd. ft. 

2 . $ 121 . 86 . 

3. 85*!. 

4. 263 bd. ft.; $25.25. 

5. 1152 bd. ft,; 200 bd. ft.; $98.04. 

6. 81 bd. ft.; §7.29. 

7 . $ 14 . 40 , 

8. 56 bd. ft. 

9 . $ 30 , 90 . 

’Answers to those problems will he found on pivges 197, 198, 
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10 . $4.20. 

11 . 48 ft. 

12 . 48 ft. 

13 . 500 bd. ft.; $28.50. 

14 . 80 bd. ft. 

15 . 148 bd. ft. 

16 . 540 bd. ft. 

17 . 66 bd. ft. 

18 . 146 bd. ft. 

19 . s$34.60. 


APPLIED MATHEMATICS 

20. 42i bd ft ' 

21. $8.32. 

22. $2.76. 

23. 10 bd. ft 

24. 136 ft. 

25. 134 bd. ft 

26. 160 bd. ft 

27. 29 bd. ft. 

28. 130 bd. ft. 

29. $4. 


Review Problems Involving Calculations in Board Measure 

1. Calculate the total number of board feet in the following 

list of lumber: 8 

10 pieces fir 12 ft. x 8 in. x 2 in. 

20 pieces fir 12 ft. X 4 in. X 2 in. 

12 pieces pine 12 ft. x 9 in. X 1,} in. 

8 pieces chestnut 14 ft. X 9 in. X 1 in. 

2. How many board feet in a piece of fir timber that meas¬ 
ures 6 in. X 8 in. X 10 ft? 


. 3 • Determine the number of board feet of pine needed for 
six display racks as finished according to the following dimen- 
sums. An allowance of 20 per cent is to be made for waste. 
The top board is 6 in. wide. 
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To erect a wire fence around a .yardon 36 pieces of lumber 
needed each measuring 5 ft. long, 4 in. wide, and 2 in. 
are , als0 7 Q pieces measuring 10 ft. long, 3 in. wide, and 2 in. 
jj^k' If this material costs S4U per M, calculate the cost of 

these pieces, 

5 Calculate the number of board feet of lumber in twelve 
boxes as per the following dimensions. The boxes are 
L be open at the top as shown. Determine the total cost of 
the material in these boxes when the lumber sells at $40 per 
thousand boaru feet. 


End-J"ihick 



6. How many board feet of 1 by 8-in. sheathing 12 ft. long 
will be required for a partition that measures 12 ft. high and 
24 ft. long? An allowance of 12-v% is made for waste. 

7, It is estimated that 24 pieces of fir each 12 ft. long, 9 in. 
wide, and \ in. thick, together with 16 pieces of fir 12 tt. long, 
4 in. wide, and 2 in. thick are needed to erect a partition e- 
tween two rooms. If this lumber costs $50 per t musan oar 
feet what is the cost of these pieces? 



8. Determine the cost of j-in. white-wood needed f 0r 
modernistic bookshelf and rack in the following d raw ' 
This lumber costs 15c per board foot, when dressed J 
sizes given, 






SQUARE MEASURE 

Surfaces, areas, weights, 
estimates, trade calculations. 




Square Measure 


Areas are calculated by means of units of square measure 
• much the same manner that lengths and distances are 
alculated by units of linear measure. However, in calculating 
areas, the two dimensions representing length and width are 
multiplied together. Their product gives area. 

If the dimensions are in inches their product is square inches, 

j t j ie ar ca is in square inches, abbreviated sq. in. If the 
dimensions are in feet, their product is in square feci, abbreviated 

f ti| a nd the area is in square feet. If in yards their product 
is mare yards, abbreviated sq. yd., and the area is in square 
yards; and so on. 

This is illustrated in the following example. 

Example: 

What is the area in square inches of a table top that measures 
28 in. long and 20 in. wide? 

Solution and Explanation: 

As explained, the area of (his table top in square inches is 
equal to the product of the two dimensions that represent 
length and width. 

In this particular case 28 in. is the length and 20 in. is the 
width. 

The product of these two numbers is 28 X 20, or 560. 

Therefore, the area of this table top is 560 square inches. 

Most of the calculations on areas deal with the following 


shapes. How the areas of these shapes are cal¬ 
culated is explained and illustrated as follows. 


1 

THE SQUARE 

Square 

£ 

The square is a plane figure having four 


_L 

equal sides and four square or right-angle 
corners, 


length-- 1 
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204 APPLIED MATHEMATICS 

Referring to the figure on page 205 tin* area of a square i s 
equal to the length multiplied by tin- width. Since the length 
equals the width one might stale that the area of a square 
is equal in the product of two sides of the square, 

THE RECTANGLE 

A rectangle, sometimes called 
an oblong, is u plane figure, also 
having four sides and four 
square or right-angle corners, 

It differs from a square in that '~‘ J " i^rrgrh — 
only the two o|)posite sides are equal. 

By referring to the figure the area of a reelangle is expressed 
as the product of the length and the width. Sometimes the 
word height or thickness is used for either length or width 
The method of calculating the area, however, remains the same, 
The following example shows how this rule is applied. 

Example: 

Determine the number of square feel of plasterboard needed 
to cover a ceiling that measures 15 ft. wide and 18 ft. long, 

Solution and Explanation: 

This ceiling is rectangular in shape and its area is found 
by multiplying the length by the width. 

This equals, 18 X 15, or 270. 

That is, 270 sq, ft. of plasterboard are needed to cover the 
above ceiling. 

THE PARALLELOGRAM 

The parallelogram is a plane figure whose opposite sides are 
parallel and equal , but whose corners are not square corners. 



Z / ^ or pe.rpe.nc/icu/ar 
Paro//<z iogrom / ^ d/s/erace bz/rvzzn 

y/ £ parade/ sides 

U- izncpfh - 
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SQUARE measure 

The area of a parallelogram is found by multiplying the 
I of one side by the width, or the perpendicular dis- 
fe between it and the opposite side. 

It will be noticed that, t his is tin* same rule that was used in 
dl the area of a rectangle. That this same rule, applies to 
hth the rectangle and the parallelogram may be readily seen 
h drawing a parallelogram like the one in the accompanying 
sketdi Figure 1, and erecting a perpendicular at the corner 

^Aker this is done, cut along the perpendicular AX erected 
a t A and move the triangular piece that has been cut off 
over to the left side, occupying the position as shown in 
Figure 2. _ 

Fict 1 v F'9' *- 


IParallelogram | 


l Rzc+ang/z 


|_—Izngfh - 


U— length --1 


The figure so made is a rectangle whose area is identical 
with that of the parallelogram. Accordingly, the area of a 
parallelogram is calculated by the same rule that is used in 
calculating the area of a rectangle. 

This is illustrated in the following problem. 

Emmple: 

Fourteen pieces of sheet iron, 
as per the drawing to the right, 
are cut from a strip of metal 3 
in. wide, What is the total area 
of these pieces? 

Solution and Explanation: 

This piece is a parallelogram in shape. The area of one 
piece is found by multiplying the length by the width. This 
equals: 



4-J x 3 or V, which is 14,] square inches. 
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In 14 ,l„. arc;i k M .i» ,1, m „, onlfc| 

14 y 141 • ' vhi(-h f>r l»uts iy«JJ square inches, 

HkiUs m tin- 14 pirns, of metal nu-iitionocl them , , 
square* inches, Lllere are I55 

THE TRAPEZOID 

I he trapezoid is ,1 plant* figure ha vine four «,Vl 
whieh are parallel l,„t Tlu* area of , tW0 ° 

equal to one half the sum of the parallel shies' ' 

*• "“' h '« 



migh^bedeferred 1 togas' "top ' 1 'anc” “|J< > ai C ll| i ec iual the, 

fig Ure . ! 1,,Uom as shown in th( 

following example! 1 ‘ lPPl ‘ l,tI a praclicaI cas<i is sho '™ in the 

Example; 

Determine the weight of 50 
metal blanks made as per the 
drawing to the right. This meial 
weighs .02 lb. per square inch. 

Solution and Explanation: 

1 The area of this trapezoid equals: 

2 (2 + 4) X 2; or, 2 X 6 x 2 which equals 6 square indies 
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SQUARE measure 

'The area of 50 pieces is. 

50 X (>, or 300 square inches 

If this metal weighs .02 II). per square inch, then 300 square 
inches weigh: 300 X .02, or C Hi. 

That is, 50 pieces of ihis metal according to tire drawing on 

page 206 weigh 6 11). 

angles 

| An angle is the opening between two 
straight lines which meet at a point 
called the vertex. The amount of the 
opening determines the size of the 
angle. 

When two straight lines meet at a point, and form equal 
tijacent angles, as shown in Figure 1 below, these angles are 
said to be right angles. The lines forming a right angle are 
perpendicular to each other and form a square corner, as in 
1 Figures 1 and 2. 



Obfuse. ang/e. j A cube. ang/<z 


An angle less than a right angle is called an acute angle. 

; An angle greater than a right angle is called an obtuse angle. 

I 

i 

■i! 

4 
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THE TRIANGLE 


A triangle is a plane figure having 3 si ( | (;s 77 -'/ 
and 3 angles. & * 

Although (hey may In* of various shapes 
as illustrated lielmv, the area of a triangle 
equals one half (lie product of the husr by 
the altitude , or (Ik- vrrtirnl hriejtt, which is 
the same as saying one half the base times 
(he height. 

In prove; that this rub* is true, rut out of paper a 

ra wings. 



k- 6os<z -J 


also a parallelogram, as shown in the following dra ' 



After drawing the diagonals as indicated, cut along the, 
hues, cutting each piece into two equal triangular parts a 
shown. Each one of these triangles equals one half the wb 
area of the figure of which it is a part. Since the area of tl 
rectangle, or the parallelogram, equals the base multiple 
by the vertical height, then the area of each triangle mil 
accordingly equal one half the base multiplied by vertic 
height. 


VARIOUS SHAPES OF TRIANGLES 



1. An equilateralIrimifftl 
one in which all angles an 
.all sides are equal, 

2. An isosceles tria»[l( i 
one in which two sides an 
two angles are equal, 



SQUARE measure 

3 A scalene Irian file is one in 
which none of the sides or angles 
are equal. 

4 , A right triangle is one 
which has one right angle, or 
one square corner. 

The area of each of these triangles as previously explained 
is equal to one half the product of the base and the altitude. 

The following is a practical application of this rule. 

Example: 

How many square inches of sheet steel are needed to make 
12 scraper blades according to the dimensions in the following 
drawing, assuming there is no loss due to cutting to size? 




iolulion and Explanation: 

This blade is triangular in shape. It measures 1-J in. high 
tndhasabase that is 2 in. long. 

According to the above rule the area of this triangle is: 
§ X 2 X 1-2, or 1J square inches. 

The area of 12 such triangles is 12 x 1J, or 21 square inches. 
That is, 21 square inches of sheet: steel are necessary to make 
12 scraper blades according to the given dimensions. 



applied mathematics 
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THE CIRCLE 

'T'lu* area of a circle is equal to 
3.1*116 x radius >: radius nr In 
0.7854 X diameter x diameter. 

This alsoappruximatelv equals. 0.08 
X circumference X circumference, 

When a number is multiplied by 
itself, it: is saifi to lie squared, or 
raised In the second power. This is 
usually indicated by pl.icim; a small 
2 just above and to the liylil of the 

number. For example, 3 3 may be expressed as 3«. Thish 

read as three square or the square of three. 

In the same manner radius x radius becomes radium 
diameter X diameter, diameter-; circumference x circumfpr 
ence, circumference-. 

Radius may be abbreviated as rail., K., or r. 

Diameter may be abbreviated as ilium., or d. 
Circumference may lie abbreviated as riratni., cir., or C 
I he rules for the area of a circle are usually expressed in 
abbreviated form as: 1 ssefll " 

Area of a circle equals, 3.1116 x r or, 

0.7854 x cP, or, 

0.08 x cir-. 

The above rules are applied in such problems as the following, 

Example 1; 

What is the cross-section area of a shaft which measures 
.4.025 in. m diameter? 

Solution and Explanation: 

Accwhng to the above rule the circular area of this shaft is: 
0.7854 X (P; or 0.7854 X 2.625 X 2.625. Carrying the 

remdt h°5 41* S mu ' t ' |J ^ cal: ‘ <,n *-° t!l ° second decimal place, the 
That is, the area of this shaft equals 5.41 sq. in. 
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Example 2: 

Ill order to determine the area of a cylindrical tank, a tape 
is stretched around its circumference. This is found to measure 
jn, What is the circular area of this tank? 

Solution and Explanation: 

I t w ill be sufficiently accurate in this problem to carry the 
answer to the second decimal place. Following the above rule, 
the calculation then becomes: 

0.08 X dr-, or 0.08 X 62.V X 627,, whic h is approximately 
312,50. That is, the circular area of the above tank is ap- 

THE ELLIPSE 

The area of an ellipse is found 
by multiplying the short diameter 
by the long diameter, and this 
product by 0.7854. 

The following example shows 
how this rule is applied to a prac¬ 
tical problem. 

Example: 

The arms of the pulley as shown below are elliptical In 
cross section, measuring J X lj in. at point a. What is the 
area of the cross section at Ibis point ? 


proximately 312. sq. in. 
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Solution and Explanation: 

The area of the elliptical .section according to th» , 
rule is found by multiplying ? X 1 J, and that produ!? 


A term frequently used in the calculation of areas is 'V ■ 
eter." This is the distance around a figure, and is equal? 
the total length of all the sides added together. In the case f 
square, a rectangle, or a parallelogram this equals the 1 ' 
of the four sides. In a triangle this would equal the sumo! 
the three sides. In like manner the circumference of a circle 
or of an ellipse, is sometimes called the perimeter. 


IRREGULAR FLAT SURFACES 

Areas of irregular flat surfaces, or surfaces other than those 
just considered, may Iks calculated by dividing them up into 
regular shapes resembling those already illustrated. The areas 
of these shapes are calculated separately, and then added 
together to determine tlu: total area. 

The following problem illustrates how such surfaces are 
calculated. 


Example: 

What is the area of a blank made according to the following 
drawing? 5 



Solution and Explanation: 

. aiea this blank may readily be determined by divid¬ 
ing it up as shown in the illustration on page 213, and cab- 
atntg each area separately. The sum on (he separate areas d, 
B ' C, D, and E will give tlu: total area required. 
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A B, C, and D are rectangles, and E is a triangle. 

The area of each of (hose figures is calculated according to 
rules previously explained. 

The area of /I -- 1 1 X i -- S' X \ — sq. in. 

The area of B = £ X 1 - £ sq. in. 

The area of C = 1J X « S X £ = sq. in. 

The area of D = 2 X 1J = • £ X •;] = &, or 1J sq. in. 

The area of E = J X ^ X 2 -- iV sq. in. 

The sum of these separate areas, which in turn constitutes 
the total area of the blank, equals -|- £ *1- + 1J + iV 

Reducing these fractions to similar fractions and adding them 
together the sum equals 2 JL 
That is, the area of the above blank is 2JJ scp in. 

Problems Involving Calculations of Areas of Flat Surfaces 

1 , How many square feet of surface in a concrete sidewalk 
that measures 5} ft, wide and 258 ft. long? 


2. By cutting holes in the 
14-in, cast-iron disk as illus¬ 
trated, what is the total area 
reduction? What is the per 
cent reduction of area? 


3. Determine the. area of the Hour space in a gymnasium 
that measures 622 ft. wide and 68 ft. long. 
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4. What is the area of the 
sketch? 


APPLIED mathematics 


archway i n t [ le 




5. Determine the area of metal in ,he cross section of the 
cast-iron sleeve as shown helow. 



6 . Calculate the cross-section area through 
trough as illustrated in the following drawing. 


the concrete 
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7 At 30(i per square font, including labor anti materials, 
ivliat is the cost of a concrete sidewalk that: measures 5 ft. 
wide by 32 ft- lom;? 

g. Determine the area rtf the 
sheet-steel punching shown in the 
sketch to the right. If If) sq. in. 
of this material weigh 1 lb., what 
W ;H be the weight of 120(1 

punching®? 





11. Determine the area of 
the cut-out. portion illustrated 
in the detailed sketch as 
shown to the left. 


12 , A pulley arm that is elliptical in cross section, measures 
2 jin. across the long diameter and lj in. across the short diam¬ 
eter. What is the area of this section? 

13. Calculate the cross-sectional area of the metal in a 
hollow shafting measuring 21 in. outside diameter and 1 in. 
inside diameter, Draw such a section, placing on it the given 
dimensions. 
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1‘1. l>e(..rmiii<* (lit- areas ,,f rlu* following s | laripo 
the results In the third decimal place. * P ’ carr ying 


K’ia f / '~~ h£T -//- 


15. Copper wire is listed as being able to withst-ms 
breaking, a pulling strain of 80,000 11,., for each square ia 
of cross-section area. At this rate how much pulling 

breaking? 1 ” HW wire ,,hll! tn b£ 


f f\ 

^ * 

f 


T 

| 

1 

yS 

5 ! 

A 

i .1 

B 


U—sf 


i- 2“ ~ 

1 


.,‘ 6 - ™ cu,ate tlu ' ""K' 1 ; '•«"<> “ash.TS „f tile Iollo„i« 

sue. Ihe.se are punched from strips of 18-gauge sheet in! 

„ ft 5 >ng M lm:h "?' ighS 2 11P<T s, l Uim! h)<)t area. The first 
punching m each strip lies > in. from the end, and theieis 
A m. between the following blanks as shown. How n, 
full strips are needed? • 




17. How many 
square feet in the gar¬ 
den plot illustrated 
to the left. 



OF IRREGULAR SURFACES 


measurement 

18 Find the cross-section ■»rca 
0 f the angle iron to the right. 

19, After cutting a A-in. circular 

piece from a sheet of fiber that is 
10 in.square, what per cent of the 

material is left? 


<5 |- 


Vo- 
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Jt 

•hlco 

T 


20. On a certain job of painting tin 1 interim' of a large hall, 
there are to he decorated 10 .semicircular portions like those 
shown by A in the following sketch. What is their total area? 



21, An open rectangular tank that measures 8 ft. long and 
3 ft. wide inside, is 2 ft. deep. How many square feet of copper 
sheet are needed to line this tank? 

22. Calculate the cross-sect inn area of the material in the 
"dovetail" slotted block as shown in the following drawing. 
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23. A power hark saw such as is used f or run' 
advertised as being "able to rut through steel ^“ 
i square inch per minute." At this rate how l ontr will? 0 ' 
to cut through a piece of steel that measures 3.} i n ill 

24. Calculate the. number of bugs „f fine 
neet ed for covering the top of the dirt, sidewalk in 

mg layout. One bag of this stone is advertised m J ° W 
fit tent to cover 25 sq. ft. ,,f surface. ‘‘ bein S su(. 



2a. The steam gauge on a steam engine indicates 

' "■ t is 112 -IS ££ 

of the i!, ,"" 1 !‘' ™ K ' mr is 1,5 is the total p,„„ 

the steam on the engine piston?* 


COMMON UNITS OF SQUARE MEASURE 

The units of square measure common to shopwork and 
Thta table T k 111 an! i:an,ai,K ‘ (1 in the following iabt 

ins table js used principally i„ transforming units of one 
denomination to equivalent units of another denomination. 


144 square inches (sq. in.) 
9 square feet 

30|- square yards 

160 square rods 


1 square foot (sq, ft.) 

1 square yard (sq. yd.) 

or 1,206 S q. in. 

1 square rod (sq, rd.) 

or 272} sq.ft. 

1 acre (A) 


640 ac res 

* Answers to these problems 


or 4,840 sq. yd. 
or 43,560 sq. ft. 

“ 1 square mile (sq. mi.) 
will lie fiiiinil on page 228. 
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A square inch is the measurement, of a surface whose length 
, i j ni an d whose width is 1 in. In the same way a square fool: 
is the measurement of a square surface whose length is l ft. 
and whose width is 1 ft. 

In each case the area denotes the number of square units of 

measure. ... 

From the figure below it is seen thal such area is equal to 
the product of the numbers representing the length and the 
width of the surface. 



I~ 1 fooforJi'/ncbcs long 4 


Explanation: 

The unit, one square fool, represents a surface which 
measures 1 ft. long and l fl. wide. Since I ft, contains 12 in,, 
the length equals 12 in. and the width equals 12 in. The 
product of these two dimensions is 12 X 12, or 144. 

By inspecting this figure it will lie seen that 1 sq. ft. contains 
144 sq. in. 

According to this calculation a surface which measures 
| ft. wide and 2 ft. long also contains 1 sq. ft. area. The 
product of the 2 ft., or 24 in., and the 1 ft., or 6 in., equals 1 
sq.ft,, or 144 sq. in. This may be proven by dividing up the 
surface according to the dimensions given and dividing it up 
like the square above. 

The larger units, as rod, acre, and mile, are used only in 
referring to large areas, principally areas of land. 
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CHANGING FROM ONE DENOMINATION TO ANOTHe 

In square measure, (he reduction from higher to l 
denominations is done much the same as in linear me ? 

Ihut is, to reduce a measurement of higher denomi ^ 
to its equivalent in a lower denomination, the figureT' 0 " 
seating the higher denomination is mulliplied hy the mimh^ 
units of the lower denomination it takes to make one oNh 
higher denomination. 0 ttlc 

For example, to reduce .square 
area in square feet is multiplied hy 
inches to make one square foot, 
trated in the following problem. 


foet f<> square inches, the 
' 144 > ils 11 takes 144 square 
Hmv this is done is ill®. 


Example 1: 

How many square inches of material tire there in a pieced 
sheet copper which contains 2] sq. ft.? 

Solution and Explanation! 

. S " lce thure art! 144 ««iuart: inches in one square foot, then 
in 2£ square feet there tire: 

2 J : x 144 or 324 square inches, which represents the number 
ot square inches in the above sheet of copper. 

To reduce to its equivalent number of square feet a surface 
which is measured in square yards, the number representing 
the square yards is multiplied by 9, as there are 9 square feet 
in one square yard. 

An application of this rule is seen in the following problem, 
Example 2: 

• Ho T many sc iuare feet of surface are there in a sign, which 
is made of canvas, measuring 1J yd. wide and 2 yd. long? 

Solution and Explanation: 

The area of this sign equals 2 X 1J, or 2\ square yards, 
nice tiere are 9 square feet in one square yard, then in 
2- a - square yards there are: 

x or 22J square feet. 

That is, there are 22 \ square feel in this canvas sign. 
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SURFACE areas of solids 

As in linear measure if often becomes necessary to change 
lower units to equivalent higher units, so it is in square 
measure. 

This is accomplished by dividing the number representing 
the smaller unit by the number of these smaller units it takes 
to make one of the larger units to which the smaller one is to 
be changed, 

This is illustrated in the following problem. 

Example 3: 

A piece of land rectangular in shape measures 534 ft. long 
and 210 ft. wide. How many acres are there in it? 

Solution and Explanation: 

The total area of this land in square feet is: 

534 X 210, or 112,140 square feet. 

Since there are 43,560 square feet in one acre, then in 
112,140 square feet there arc as many acres as 43,560 is con¬ 
tained in 112,140, which equals: 

112,140 4- 43,560, or 2.57 acres (approximately) 

That is, the above piece of land contains approximately 
2.57 acres, 

SURFACE AREAS OF SOLIDS 
Rectangular Solids 



Rectangular Shapes 


Surface areas of rectangular shaped solids may readily be 
determined by adding together the total areas of all six faces. 
These being rectangular in shape, they may be calculated 
the same as rectangles, as previously explained. 
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C alrulalions mvntvin:: tin- 


applied mathemabo 


necessary in determinhm ;in . as anfl VvH . llh are fr eq U e n t| y 
oilier maini.il.s requited i„ making l,„ M * ^ ^ L ‘ 0t met aland 

lar ilems. • <""l.uners, and si,,;. 

How these calculation.. are worked out i s i|| UstraM . 
following practical problem. tldted in th e 

Example: 

Detonnine the weight of sheet in,,, mmil ,, rl . 
work pans according to the followm* driwinu V'^" 8 9 
ls hstc ‘ cI ius Wf,; khiny 1] lb. to the square font. 1 ^ metal 



Solution and Explanation, 

si.«or c mmil”a j* ° l * 

XS£Xtf££!r . 

Tie area of the required sheet then is 16 X 20 ■ 

F?, 9 1 t ,he a, " oimt 20 - 320 

20 square feet. ' ftVt tbmi ^sulta 2 8 80 - 144, or 

If this metal weiehs 1 1 lb a, , 

of metal required for the 0 ‘‘ K(|Uari! foot then the weight 

1 '<* lo. the V pans becomes 20 x 1J, or 25 lb. 
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SURFACE AREAS OF SOLIDS 
Cylinder 

The area of a cylindrical surface like that illustrated below, 
is equal to the area of the curved side as it appears when 

unfolded. 



The area of this curved surface is equal to the circumference 
of the circular base multiplied by the height of the cylinder. 
That is, it is equal to the diameter X 3.1416 X height of 
cylinder. 

To prove that this is correct, construct a cylinder out ot 
heavy paper and measure the area of the cylindrical part 
when unfolded. Then compare this with the calculated area. 

This rule is helpful in calculating amounts of metal to be 
used in constructing tanks or other cylindrical items, in 
determining radiation surfaces of pipes, areas of surfaces to 

be painted, and such. _ 

The following problem shows an application of this rule. 

Example: 

Determine the number of square feet of sheet metal needed 
in building a tank 2 ft. in diameter and 5 ft. high, allowing 
5% for lapping and waste. 

This tank is open at one circular end. 

Solution and Explanation; 

The total area of the material in this tank equals the area 
of the circular bottom plus the area of the cylindrical portion. 
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" ,,S - 4 mif 1116 squarefeel 
• U4,fi x 5 = 31.416 


Area of tmt tom = 2 >: 2 

Area of cylindrical praiinn 
square feel. Therefore, the toi.d area ,. flUil j 
3.1416 -h 31.416 34.3576 f,. ( ., ' 

. Addi ” K ']'> 1(1 »* is f-r lapping :i „ (1 u ,, s((1 , 

is incrcaw..! In- 54.5576 X .(15, or 1.7278 .square'feet ^ 
This hitler amount added to the above tot-,1 , ’ 
34.5576 -f- 1.727,3, or 36.2,354 square f t , ( , t . <lrea ec l^s: 

That is, the total number of square feet of sheer «„♦ i 

to build one of the above (auks is 36.2,354 square l" " J 

proximatoly 36} square feet. ' feet ' 0t > 

Problems Involving Reduction in Square Measure 

1. A floor measuring; 1,3 ft. by 24 ft is m 1™ 

linoleum that measures 1 yd wide H mv m covere d with 
of thfa material ,Cay Z T'‘ 

arrangement of the strips. * a P ‘ Jn showin f the 

2. A ceiling measuring 12 ft. |,v 16 ft is m , , 

booverbonrd. The »i,« of tl „. b.TeH.l b i TT " 
measures 48 in. wide and is 8 fi I,,,,,, un . • 1 be Usci1 

beaverboard needed if it sells at Si.60 per shem? ”* ^^ 

proximatelvlo'lf U K,H ' cijl1 teady-mixed paint will cover ap. 
needed to n lin t t * ° f’*?' I,t,w ,mm -V gallons will b e 

— .T££”r u-iu !^* '»» d «- * 

in C ° PPCr 


pi ins/de. 
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surface AREAS OF SOLIDS 

5 How many acres in a rectangular tract of land which 
measures 242 ft. long and 270 ft. wide? 

6 A room in a factory building is being arranged for the 
temporary storage, of bags of cement. Because of the con¬ 
struction of the door it can be loaded to only 1250 lb., per 
square yard. 

If the measurements of the floor are 18ft. by 36 ft., what 
is the total number of pounds that it can safely carry? 

7. How many square feet of sheet metal are in a cylindrical 
tank made according to the following specifications? The 
tank is to be open at the top as shown. There is an allowance 
of 2 in. for the seam at (a). 



Showing jo/'ni 
ai boHom 



The diameter of the bottom, which sets up into the tank, 
is extended 1 in. on each side for riveting as shown in the 
detailed sketch. 

8. A hot-water heating coil is made up of copper tubing 
which measures •$ in. in diameter outside. The coil is in four 
sections each 38 in. long. How many square feet outside 
heating surface are there in this coil? 
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Sheet copper 
wcijihitiH (i X2 |l, r p, 
square fool m.|s 22c 
per pound. At this rap- 
what is tin- rm .1 ,,f 
copper list’d in ninkina 
Id drip pans as illm- 
tratfd in tin;drawing to 


applied 


mathematics 



wallpaper that 



in. How many square yards i„ , )f 

mea.sur.-s IK in. widua.nl 24 f,. |„„ K , 

11- Two hundred and tweniv 
wrouRlH-iron blanks 2 in. in dium- 
cuer u« shown atthe riuhi are p, |„. 
made on u .special order. The 
t.'rial out: of which these Hanks a .c 
In he made weighs 2.2 j|, 

•square foot,. What will he the’tm.,I 
weight of these 220 blank-? 

JiVCti *> »’■«* 

i» u. i,« cut. I. Jhi«l! ■: :':i : ,,im - ,i -»■ *■»* 

what will lx. tin- ls ' l I "' r s ‘|uarc foot area, 

circular piece Is nit'out! . ... '" fl 

... “ 2 ,,? Z 1 nu i r 1 " M -»t 

1 in. wide? This sp-i./p * 'T " " W tmm u Hlr 'P °f copper 
"* MU() us n,a,|< ' «P “> roll form and weighs 0.54 


Punching 
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SURFACE areas of solids 

per square foot. The first punching begins J in. from the 
,d of the strip and an allowance of in. is made between 
e 'unchings as shown. For convenience the strip is clipped off 
1 in. from the last punching. 



15. A piece of land having the dimensions below is adver¬ 
tised for sale as containing 1 acre. What does it contain? 


- ZSO'-O" -- 

^■—eoo'-o "—- 

— //O-O"- 





jJl 




o 


_ § _ 


8 

1 , 1 
|—- 530-0"- - 

_ J1 


16. It is advertised that one quart of a certain grade of 
varnish will cover 9 sq. yd. two coats when applied to hard¬ 
wood floors. At this rale how many quarts are needed to 
varnish a floor two coats that measures 21 ft. X 15 ft,? 


1?. The sheet iron out of 
which the lamination to the 
rightwas made for a small trans¬ 
former weighs .5 lb., per square 
foot. From this determine the 
weight of 720 such pieces. 



‘Answers to these problems will be found on page 228. 
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ANSWERS TO PROBLEMS 


/'■: y; 21 i !t> J/V. 


1 . 141') N.|, ft. 

2. 25.14 Mj. in, ; Ui.A', . 

3. fit25 sq. ft. 

4. 40.82 sq. ft. 

5. I,*| sq. in. 

6. 257.04 scj, in. 

7. S4K. 

8. 1.629 sq. in. : 97.75 lb. 

9. 1 ;rs sq. in. 

10. ljfj sq. in, 

11. 1 sq.in. 

12. 5,44 sq, in. 

13. 4.12 sq. in, 

14. (ii) 8.079 sq. in.f (/>) 5 

J } ai>es 224 In 227. 


15. 1474 II, 

16. 5.(17 II,,; 23 cf..i n 

17. 4190 sq. ft PS ’ 

18. 3tl sq. in. ‘ 

19. 71.7' 

20. 565,488 sq, f t 

21. 68 sq. f| , 

22. 1 | srj. in, 

23. 1‘).24 min. 

24. 8 hags, 

25. 7058.78 1b. 


• s< h in.; (0 3.643 s 


sq. in. 


1. 

2 . 

3. 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 


48 sq, yd. 
$9.60. 


6 gal. 

3.77 sq, ft. 
1} acres, 
92,500 lb. 
28.68 sq. ft. 
2.49 «q, ft. 
$8.46. 


10. 4 sq, vd. 

11. 10.8 1b. 

12. 27.96 1b. 

13. .526 lb. 

14. I sq. ft. 

15. .91 arm, 

16. 3;; or 4 qt. 

17. 5' lb, 


Review Problems Involves Reduction of Areas 

room'teaX.^27 imwi™^ 

yards in this strip? ’ ’ * " K ' 1 IuNV immy square 

2. Calculate the 
following sketch. 


cross-section area of the 


casting in the 
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SURFACE AREAS OF SOLIDS 

3 A concrete sidewalk 5 ft. wide is to be constructed around 
I outside of a circular plot of ground measures 60 ft. in 
diameter Upon how many square yards of sidewalk surface 
should the estimate for labor cost be based? 

4 Sheet tin is required in lining a wooden tank having inside 
dimensions of 18 in. deep X 24 in. wide X 24 in. long. How 
many square feet of metal does this equal? 

5 In the following drawing of a steel tank it is noted that 
all joints are to be welded. Calculate the weight of sheet steel 
in this tank allowing 1£ in. for the lap joint on the cylinder. 
The circular ends are cut to fit the diameter given. This 
sheet steel is listed as weighing 1 -J lb. per square foot. 



6 . Determine the number of acres in the following irregular 
plot of land. 




I 

, „ . APPLIED MATHER 

'■ !Imv »»>™V Ml 11 IS „f «., lr |, 4 f . . 

r '» I"''' ,lr.,«■!„.,»' f"Ei"’T* 1 * 


4 O "/nr? 



P/eces punc/icuf m 
/6 oc/iveen zoc6 punc/imq 


V, ? ' J ™n ppg [ kiivq 

* 
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LATHING 

Calculations Involving Square Measure as Applied to Various Trades 

Calculations involving square measure are quite common 
in various branches of the building trades, such as estimating 
areas, materials, and costs. This is especially so in lathing, 
plastering, brickwork, shingling, painting, and paperhanging. 
Square measure is used also in the printing trades, in estimating 
composition and paper. 

While these applications are rather extensive, only a few 
of the more elementary conditions will be considered here, 
so that the student may see how square measure may be 
used to advantage in solving such practical problems. 

lathing 

Lathing work is estimated according to the number, of 
square yards of surface to lie covered. In figuring costs, or 
materials, in this branch of work, it is the rule in many locali¬ 
ties to deduct from the total area under consideration one half 
the area of such openings as windows, doors, and the like, that 
lie in the surface being calculated. This deduction is made 
because of the extra time and labor required in performing 
the more difficult task of ‘‘finishing up" to ail opening. Some¬ 
times a certain percentage of the total area to be plastered is 
deducted for such openings, instead of calculating these open¬ 
ings separately. 

In such cases the amount to lie deducted should be known 
before the correct surface estimate can be given. 

Both metal and wooden laths are used in building construc¬ 
tion. The metal lath may be obtained in various sizes, a com¬ 
mon size being 24 by 96 in. The standard size wooden lath 
comes in bundles of 100, each lath being J in. thick, 1-J in. wide, 
and 48 in. long. 

A bundle of wooden laths, 1-i X 48 in. will cover approxi¬ 
mately 7 sq. yd. 

To calculate the number of bundles of laths needed for a 
given job, the area in square yards to be covered is divided 
by 7. A fractional part of a bundle is considered as a whole 
bundle in such calculations. I low this is applied is shown. 
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Example,- 

Al 75 rents |.IT bundle uh.it 111., ,- 1 ,-t nf i at |,= , 
mvcr the sitli- xv,i!l„ ami «•, ,,f rn ,, in f . ,‘ atllb need «U 

16 ft. wide, anil in f,. hbd,' \ r| - , ‘ T" 1 '"* 18 '> 

allowed for door.s and win.l. w..‘ 1 ° 45 ^ f t-is 

Solution and Explanation: 

Tll«‘ fil’sl Step ill the Miliilii.il nf this tvrie of n.-nM„ • 
th .‘* ( '! ,al an ‘ a nf *hrM,U‘ wa!h. and eei|i, lt .. AfJ thTa?^ 
ironed, 4a s<|. ft, are deducted for the niiiMiiiiM^ 

The remaining number of square f,.,-, ; s ™ ntl0| t«i. 

r 1!y ■*>.f m a • 

the number of bundles may be determined. Vl ' 

Area of all side walls - perimeter of room X height 
Perimeter of room - 18 + 16 d 1H + I6 , or 68 ft 

S q ft 8qUare ° r “ a ° f ,lm Sitl, ‘ **"» - 68 X 10, or 681 

1 lie square foot area of the ceilinr -- 16 X 18 nr t 

™™l, s *' ' ' IS "I- "• from this th ,; 

<168 -- 45. or ‘lid sq. ft. 

I his, reduced to square yards is, 02.1 9 = I02ft sa vd 

tier to cover 102g sq. yd. it will take as many bundles as 
. con tainccl in 1025, which equals ICJ2g 7, 0 r 1465 

S idtedTs' 1 Tthoh ,1 r’ n, M ;i . P ° rlifm ot a bur,dle is toh®. 

take lS hn rt T U " 1,1 t,stinuUi "T Therefore, it will 

At: 758 ner t u' HUlC walls and filing of the room, 
Hence^ b m"**’ f l)imdll, ' s wil1 <: <>st IS X .75, or $11,25, 
above job. ’ W1 C0St Sll-2S f " r lhe luths necessary for the 

PLASTERING 

abo is estimated by the square yard. As in lath- 
doom wi„d y t G custom to deduct: one half the area o! 

d ' and audl oiwhhirm as are in the surfaces to be 
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I tered, in order to obtain the correct area upon which the 
estimate is to be based. 

When solving problems in plastering, the total area in 
feet is first determined. From this is subtracted one 
half the area of the openings. The remainder reduced to square 
yards equals the amount of the surface on which the plaster¬ 
ing estimate is to be made. 

The following is typical of such problems. 


Example: 

A ceiling measuring 22 ft. by 32 ft., and having a 4-ft. cir¬ 
cular opening in the center for a skylight, is to be plastered. 
At $1.50 P er square yard what is the cost of plastering this 
ceiling after deducting one half the area of the circular opening? 

Solution and Explanation: 

This problem is worked out in a manner similar to the one 
on lathing. The total area of the ceiling is first determined. 
From this one half the area of the circular opening is deducted. 
The area in square feet remaining represents the correct amount 
on which the estimate is to be made. 

Area of ceiling = 22 X 32, or 704 sq. ft. 

Area of circular opening = .7854 X 4 X 4, or 12.57, which 
is approximately 12J sq. ft. 

Deducting one half of this circular area, sq. ft., from the 
total area of the ceiling there results, 

704 - 6;}, or 697 J sq. ft. 

This is the square foot area on which the estimate is to be 
made. 

Changed to square yards this equals, 

*■ 697f -4- 9 = 77.53, or 78 sq. yd. 

At $1.50 per square yard the cost of plastering this area 
equals: 

78 X $1.50, or $117.00. 

That is, the cost of plastering this ceiling is $117.00. 
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I lie Stand,lid si/e .if tin* common luirk is S x y ii ■ 

It is estimated that i„ o.dinaiy h.i.kwork there, 
Llu-.se I nicks to earh square fnr.i t ,f surface, While tr^ ^ 
varies slightly armuliny to il„. of t j 1(1 ; ■ / ( ‘ 1Snu ‘ nb ct 

r" 1 : *..S(!r ,k 

I, * X 6S. .. . ..,,-h, |Mref00t *^ 



!°, tlu ' ntunher of bricks in a give, 

ft. thick would he determined l>%- multiplying eacl 
square foot area (length x height ) of that wall by 19*. 1 

1 ^] Va / s u , n1, t * 1<: M‘iuar«! foot, area is multiplied by 26 

ie following problem shows an application of this rule 
Example: 


Determine the number of bricks needed to construct a wall 
1 thick, 6 ft. high, Ull( i , 2( , fl . i„ IIK . 
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Solution and Explanation: 

The first step in the solution of this problem is to determine 
the area of this wall in square feet. This is then multiplied by 
jgi giving as a result the number of bricks needed. 

Area of wall = 120 X 6 — 720 sq. ft. 

There being 19l bricks to each square foot of this wall space, 
then in 720 st|. ft. there would lie 720 X 101, or 14,040 bricks. 

That is 14,040 bricks would be needed to construct the 
above wall. 

Should this wall have been 16 in. thick, then it would have 
required 720 X 26, or 18,720 bricks, for according to the 
above rule there would be 26 bricks in a 16-in. wall for each 
square foot of wall surface. 

Problems Involving Calculations in Lathing, Plastering, and Brickwork 

1 . How many square yards are to be estimated on in 
plastering two sides of a partition wall 12 ft. high and 24 ft. 
long. This partition contains two openings each of which 
measures 4 ft. by 6J ft. An allowance of 50',' is to he made 
[or these openings. 

2. At 75(5 per bundle what will laths cost to cover the sides 
ofaroom 16 ft. wide, 20 ft. long, and 10 ft. high? There is to 
he a deduction of 54 sq. ft. for doors and windows. 

3. A brick wall 1 ft. thick, 4 ft. high, and 180 ft. long is to 
be constructed using tin: standard size brick. There are two 
openings in the wall, one measuring 20 sq. ft. and the other 28 
sq.ft. How many bricks are needed for this wall, full deduction 
being made for the openings mentioned? 

4. Determine the number of square yards to be plastered 
in a room measuring 16 ft. 6 in. wide, 18 ft. long, and 10 ft. 
high, including side walls and ceiling. No deduction is to be 
made for openings. 

5. The side walls and ceiling of a hull measuring 1,3 ft. 
high, 16 ft, wide, and 45 ft. long are to lx; lathed and plastered. 
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A deduction of 80 sq. ft. is to he made for openings. How 
many bundles of laths are needed for this job? Allowing the 
full amount for deductions, how many square yards of surface 
are to be plastered? 

6 , A brick fence is to he built as shown in the following 
sketch. It has 10 sections each 12 ft. long, 3V ft. high, and 
1 ft. thick; also 11 brick piers each 18 in. wide by 12 in, deep, 
and 4 ft. high. Calculate the number of bricks needed. 



7. How many bundles of laths will be required to replace a 
celling that measures 21 ft. by 27 ft. How many square yards 
of plastering will there be in this ceiling? 

8 . How many square yards should be estimated on in 
plastering a ceiling that measures 13J ft. wide and 26 ft, long? 

9. How many bricks are needed to build the following sec¬ 
tion of a 12-in. wall? Full deduction is to bo made for openings, 
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10 How many square yards of plastering should be esti-’ 
mated on in plastering a hall ceiling measuring 9 ft. wide and 
26 ft. long? 

11 How many bundles of laths are needed to cover both sides 
of a partition 10-1 ft. high and 18 ft. long? A deduction of 
22 sq. ft. is to be made for openings. 

12 At $1.50 per square yard, determine the cost of plaster¬ 
ing the wall the following sketch, making full deductions for 
openings.' 11 



SHINGLING 

While wooden shingles are still used considerably, the 
asphalt shingle, the asbestos shingle, the composition shingle, 
and the strip shingle, have been used to a great extent during 
recent years. 

Wooden shingles are put up in bundles of 250 each, and it 
takes approximately 4 such bundles or 1,000 shingles to cover 
100 square feet, or “1 square,” as it is often called. 

The asphalt strip shingle consists of 3, sometimes 4 shingles 
to the strip. Although there are several brands and sizes of 
such strips, a common size is that which measures 12^ in. 

‘Answers to these nrnhlenis will he found nn nam> Ofifl. 
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wide and 40 in. Inn K . Wln-n "Inid 4 i llr ] 1( , s . 
this size requires 00 such strips in mver ll)() square f 


Another common si/c measures Id ^ , 

SO to the bundle. Karl, bundle of lids .si/,. C( ‘ 

feet and 2 sut*h bundles ate needed (n rover inn S ^ arf 
roof surface. <m ' 11 ()() square(e eto| 



The untie type of asphalt shingle is sold in various sizes 
one of which measures 0 X 12’ in. These are put up in bundled 
of 25 each, and 4 such bundles, or 3«(l shingles, are needed 
t,> cove, ,,"0 square of 100 square feet, when laid 4 in. toS 

While there are other kinds of shingles in use, only catala- 

conside-e i'T. 1 ? kltU '' S a,ul • siz, ' H :tl| ove mentioned will be 
formation lt | e * 11 us fl 'lt that. this will fpve sufficient in. 
nation as to how square measure is applied in such work, 

tlJelT ShinRlGS a ? lai<1 0,1 in as illustrated, so that 

the enrf aiC exi, ° s . et to the weather. In laying wooden shingles 

shi . ex| ? osed 18 the heavy, or the (hick, end. The lower 

one ffin Pr T S °1 U 4 indu ‘ Sl sometimes 5 indies, from the 

laid 4 I V ? atK flS tlll! <,x P | ' l, ssi(*ii goes the "shingles are 
laid 4 in. to the weather.'' 
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The method of lapping wooden shingles in this manner may 
be seen in the following illustration. 


Showing how wood sh/nglzs 
or<z /aid on roofs 



To calculate the number of bundles of wood shingles needed 
to cover a given surface, the number of squares, or thenumber 
of 100 sq. ft. to be covered is first calculated. This is then 
multiplied by 4, as it takes approximately 4 bundles to cover 
1 square, or 100 square feet. If the calculation results in a 
fractional part of a bundle, this is considered as a whole bundle 
in estimating. 

If the asphalt strip shingles are to be used the number of 
squares is multiplied by the number of strips it takes to cover 
one square. 

The asbestos shingle is made up in both the single type 
and the strip type. Their sizes vary somewhat, like the 
asphalt shingle. One common size asbestos shingle measures 
8 X 16 in., and it takes 260 of them to cover 100 square feet. 
This special size is packed 13 shingles to the bundle making 
20 bundles to 100 square feet. A common size asbestos strip 
shingle is one that measures 10 X 36 in. These strips come in 
bundles of 50 each, and 100 such strips are required to cover 
100 square feet. 



240 


APPLIED MATHEMA’ 


. If <"!' ;! sl ;'' s, " s sllini:Ir Ui i“- used n„. „ lim b ernf 
is multiplied by 2d. Tin- give. ,|„. nu.nl,,.,- „f |,„ n Sqtr 

In this calculi,lion .is in previous <-.i|,-u|,iti, mH a f rac t ^ 
of a bundle is considered ,i whole bundle. 


eactional, 



If the asbestos strip shingle is to he used, the number 
strips needed equals the number of square feet to be coven 
s IV, e y 2 Rivas tlie equivalent number of bundl 

tJ™ Va , ri0US ^ f,t!S of Hhiu K |l ‘ 8 . <»• Hlight modifications 
’ ar< T a ao Usu( ^ as 'siding" in covering the sides of hour 
garages, barns, and such constructions. 
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Among the asbestos types of shingles, a special size referred 
to as the “siding shingle” seems to have become popular in 
certain sections of late. One common size as made by a well- 
known manufacturer, measures 12 X 24 in. and is put up 19 to 
the bundle, requiring 3 such bundles to cover 100 square feet. 



The method of estimating quantities of shingles needed for 
siding is similar to that followed in estimations on roofing 
shingles. Some builders, however, deduct a standard amount of 
15 square feet for each window and 20 square feet for each door 
instead of calculating out these areas. It is customary in using 
this kind of shingle to allow a small percentage for breakage 
and waste. 
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Calculations involving tlu* iw of these rules are illustrated 
in (he following problems. 

Example 1: 

IIow many bundles of wood shingles an* needed to coven 
roof that measures IK by 24 f(, The shingles are to belaid 
4 in. to the weather. 

Solution and Explanation: 

The number nf squares to In* covered should first bedetci 
mined. This is then multiplied by 4, giving the number a 
bundles required. 

18 X 24 - 422, tlie square foot area to be covered, 

432 100 •- 4.32, or the number of squares to be covered. 

4.32 X 4 -- 17.28, which is the calculated number of 
bundles necessary. 

Since a fractional part, of a bundle is considered as equaltoq 
whole bundle in estimating, then the required number «t 
bundles, instead of being 17.28, becomes 18. 

Example 2: 

Determine the number of 12 J X 40-in. asphalt strip shingles, 
laid 4 in. to the weather, that are needed to cover a shed roof 
measuring 15 ft. by 20 ft. 

Solution and Explanation: 

Following the. general plan of the above problem, 

15 X 20 — 300, the square foot area of the roof. 

300 100 — 3, or the number of squares to be covered, 

90 X 3 = 270, the, number of strips needed to cover the 
roof. 

That is, it takes 270 of the. 12 J X 40-in. size asphalt shingle 
strips to cover the above roof. 

Example 3: 

If it were decided to use a single asphalt shingle 9 X 12^in. 
instead of the strip shingle in covering tin* roof in the above 
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example how many such shingles would be needed? How 
many bundles would this equal? 

Solution and Explanation: 

The area of this roof equals: 

IS X 20, or 300 sq. ft. 

Reduced to squares this becomes, fo o, or 3 squares to be 
covered. 

Since 380 of this type shingle are required to cover one 
square, then a total of 380 X 3, or 1140 shingles are needed to 
cover this roof. 

Reduced to bundles each having a coverage of 95 sq. ft., 
this becomes: 1140 4- 95 or 12. 

That is, 1140 shingles are needed to cover the above roof. 
Since they come 95 shingles to the bundle, it will be necessary 
to purchase 12 bundles. 

painting 

Although some painters estimate labor costs by the square 
yard, the more generally 
followed plan is that of esti¬ 
mating by the 100 square feet 
of surface to be pain ted. As a 
rule, no deductions are made 
for openings when estimating 
such costs, unless such allow¬ 
ances are definitely stated. 

While various estimates, 
ranging from 400 sq. ft. to 
800,sq. ft, are given as to 
the amount of surface that 
might be covered by a gallon 
of paint, it will be sufficiently 
accurate in the problems that 
follow to assume that one 
gallon will cover 500 sq. ft. 
of surface one coat. 
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< 111 1 his hash, if will a!- 


-7"'. 

. I,,,r iMui'h. pi.,„ r mw M1| . f ' ^ 250 sq.(t 

m Mltwr.' tret would !,«• Ii« 1, { | v than ,|,is Vm 

liiff upon (hr r i>.n of i|„. SU) f. tr(1 ' ' Unt depend. 

These Kittle hgme< ntnv .ikn | M . UM .,’| r nt . q. , 
fare- tii.-it c-an he rme„,| hy .i gallon „f varnish 
in the ease of p,tints, various estimates of coverage 
K»vi*n m eornmerrial .ttlvenisemenis. vc - r afc,e may be 

Tim following ease shows how these rules are used iapractice, 

Example: 

%%'£*■ f '«• .HM..TW.V 

Solution and Explanation: 

In such problems (he numher of gallons of paint required!- 

250 Ts'twfi V iVM "< »™ to l.c paLd* 

iot), as two coals are required. 

Area of side walls -. perimeter :< height. 

Perimeler 27 j 20 | 27 20, or <14 ft. 

Area of side walls O.j, ,< n, or i c).-?4 H q. ft 
Area of coiling » 27 X 20, or 54(1 sq. ft. 
otal area of side walls arid ceiling ^ 1034 4. 549 or 1574 
sq. ft. 

^° r ^ lt! n I innings, the estimated area 
Lobe painted 1574 - 100, or 1474 sc,, ft. 

I 1474 Uni 9rn^') llons '’ceded 1.0 cover this surface twocoats 
ArS " 25 'V VhlCh is S -**' ° r 6 gallons. 

At *>3 per gallon the cost of this is 6 X S3, or $18. 

paperhanging 

w-OlnT-, 10 - mCiaS - 1 ' e 1 1H also uscd in estimating the amount ol 
m icquned for a given joli, A generally accepted 


mathematics 
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method of calculating such amounts is to determine the square 
foot area to be covered and, after making the allowable deduc¬ 
tions, divide the remaining square foot area by the square foot 
area of a roll of paper. * 

In such estimates, a fractional part of a roll is considered as 

a whole roll. 

It is a common rule to deduct one half the area of openings 
above a minimum limit, from the total area to be covered in 
estimating the number of rolls required. A percentage of the 
net area is sometimes added to make up for losses due to 
matching patterns and to waste. 

Domestic wallpaper comes in single rolls 18 in. wide by 24 
ft. long, and in double rolls which are 48 ft. long and 18 in 
wide. Imported wallpaper, also some domestic paper, maj 
vary slightly from these dimensions, but the general method 
of estimating the number of rolls required is the same. 

The single roll of wallpaper which measures 18 in., or 1$ ft 
wide and is 24 ft. long contains 24 X 1§, or 36 sq. ft. 

The double roll which is 1£ ft. wide and 48 ft. long contain* 

48 X 1J, or 72 sq. ft. 

In determining the number of rolls of wallpaper required foi 
a given room the procedure is as follows: 

1. Determine the perimeter of the room. 

2. Multiply the perimeter by the height. 

3. Subtract from the above area the square foot area allowed 
for openings. 

4. If any special additions are to be made for waste or 
matching patterns, they should be added to the above net 
result at this point. 

5. The resulting square foot area is then reduced to rolls 
by dividing it by 36, if single rolls are to be used; or 72, if 
double rolls are to be used, unless other than the standard 
size roll is used. 
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fi. If (lie ci'ilim; m 1.1 In* papered, im urea is found h„ ,, 
plyiliK tin* length of i In* mom hv it% width To th 1 ^ ^ 
foot area is add,*d allowance, for warn* and matching 
numlm*r of stnndaid hiu le i.*11needed would hr* r„ 
dividing the square font men l,y do. The numht*, of > 
double mils would !>•• lorn,.I 1 *>- dividing icoiling arcato! 

rh.*M* rules an* applied in sii. l, pmld.-nts as the following. : 
Example; 

Determine the number of Mimle mils of wallpaper needJ 
for side walls and ceiling of ,* bedroom that measures 18 It 
lon R by 15 ft. wide by ■»> ft. bie-.h. In this room are 2 doo 
that measure d ,< , ft. and .3 windows that measure 3 x 5ft 
hull dedurtion is to In* made for these openings. There» 
also tn he an addition of 10' ,' for waste in cutting 
matching. 6 


Solution and Explanation: 

Perimeter of mom = IX |. 15 -{- IS + 15, or 66ft, 
Height of room <J> fp 

Square foot area of walls * - (> 6 y *)f, nr 627 sq.ft. 
Area to In* dedin ted equals: 

_ Honrs • 2 >: 7 y .3 ■ = 42 ,sq. ft. 
Windows ■■ ■■ .3 x 5 x .3 . • 45 S q. ft. 

1 ol al ■ • 87 sq, ft. 

Side wall surface to lie covered equals: 

627 —- X7 •- 510 sq. ft. 

To the above there is to he added 10',; for cutting and match- 
mg patterns. This equals 10' ; of 540. or 54 sq. ft. 

The total square foot area on which the side-wall paper is to 
be estimated thus equals 540 -|- 54 or 564 sq. ft. 

To determine* the number of single rolls needed for the 
side walls, 564 is divided by 46. This equals: 

504 .36 or 161 rolls 

Since a fractional part of a mil is to be considered as a full 
ro in estimating, then the required number of rolls is II- 
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Because a different pattern is used for the ceiling paper, as a 
rule the requirements for the ceiling are figured separately. 

Area of ceiling = 18 X 15, or 270 sq. ft. 

Adding 10% for waste and matching, the total area is in¬ 
creased by 10% of 270, or 27 sq. ft. 

The total area on which the ceiling paper is to be estimated 
then becomes 270 + 27, which equals 297 sq. ft 

To find the number of single rolls needed for this area, 297 is 
divided by 36. This equals: 

297 -f- 36 = 8-f, or 9 rolls. 

From these calculations it is seen that 17 single rolls are 
needed for the side walls and 9 single rolls are needed for 
the ceiling. 

Problems in Shingling, Painting, and Paperhanging 

1. How many gallons of paint are needed for two coats of 
paint on the side walls of a room that measures 14 ft. wide, 
23 ft. long, and 10 ft. high? No allowance is to be made for 
openings. 

2. Three ceilings in a house are to be painted two coats 
each. One ceiling is 12 by 18 ft., another 10 by 15 ft., and the 
third 8 by 15 ft. All ceilings are to be the same color. How 
many gallons of paint are needed for this job? 

3. Determine the number of strips of asphalt shingles meas¬ 
uring 12| X 40 in. that are needed for a flat sloping roof that 
measures 15 by 30 ft., where the strips are laid 4 in. to the 
weather. 

4. A hall ceiling 12 ft. wide and 35 ft. long is to be papered 
with double-roll wallpaper. No allowance is to be made for 
matching or waste. What is the cost of this paper at 32 i 
per roll? 

5. A barn, which is to be painted one coat, has a front and 
back each measuring 40 X 30 ft. The two sides each measure 
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fhijob" «•■*"<»■* "f 1-aii.t „.ill be 

hiKl ? ^ ^ b y » [t 

rt. tor Slil.-ivall np,-i,i Ill;s , „„ all,nv:ni(r,A““"° rj ‘ a l- 

n.’S^"" r """ imi f '”'*•» 

7. How many bundles of wood shinnies l-ilrl a - 

weather are needed to rover a common pitched roof ^ach 'll' 
of winch measures lb by do ft.? 1 ac ^ sl( le 

8. If one gallon of varnish will cover 500 sci ft nf t 

one coat, how mn„v gallons will be needed to v u ^ 
floor one coat that measures -10 by 72 ft.? sh ahal1 

9. The side walls of a dining mom 20 ft. wide bv 201 

'Z a " d 10 ft *? h at '“ 1(1 11(1 l ,;, P , ‘ n ' ti with an imported paper 
that measures 2 ft. wide and df> ft. lone No dedurtin T 

be madc for 0 I )l ‘ainy,s, hut an addition of Ul% is tobe mikh 
waste and matching, Calculate the numhe,-o! m,U 

T ,ml T r r° f ° f Paint thatare 

ft b dimeter “ PliUf ' ,nn 2 C ” u ‘« thaC ««■»»" H 

lonR 1 'Jd^Off T' l "r a " d <:< ‘ i | infr ° f U haI1 10 {t wi de by 28 ft, 
paper How 1"^ T' U * >C pai,t ‘ R ‘ cl with double-roll wall- 
tion is t0 be y r r ° r ™ ,Juircd for thi « Job if full deduc- 

4 by 7 ft.? ! f ° r f ° Ur 8lde - wa I | ‘>neni"Bs each measuring 

ll 1 ft!lMBa%tn d h i “^ COl T nS each 15 in ' in diameter and 
feet should the 1 a pam ^d two coats. Upon how many square 

^«»—— 

strip’shi'r.t.]"!? 1 10 F °x f ?6 1 “„ I "]' US '|’ If "' 1 ! ' l ' il “’' l '' d " iU ’ “P 1 * 

X M) ln * I:u d 4 in. to the weather. Each of 
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the 2 sloping sides of the roof measure IS X 30 ft. How many 
bundles of these shingles are needed? 

14. How many gallons of paint will be needed to paint a 
strip 6 ft' wide two coats, around the outer edge of a floor 
which has a total width of 52 ft. and a total length of 85 ft.? 

15. Determine the number of single rolls of wallpaper that 
are needed to cover the side walls of a room 9 ft. high, 16 ft. 
wide, and 22 ft. long. No allowance is to be made for openings 
or matching. 

16. What is the area upon which the labor estimate should 
be calculated in applying 2 coats of paint to both sides of a 
board fence 6 ft. high and 165 ft. long? Because of the posts 
and stringers upon which the boards are nailed an addition of 
10% is to be allowed. How many gallons of paint will be 
needed for this work? 



17. The clapboards on the four sides of the cottage in the 
sketch are to be replaced with asbestos siding shingles which 
require three bundles to the 100 sq. ft. In calculating the 
square foot area to he covered, 150 sq. ft. are to be deducte 
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fur windows and -Id sq, ft. an- in tic deducted for doors. How 
many bundles of siding shingles are needed for this job allow- 
ing 5 f .'v for wastage.- 1 

18. If it were decided to reshingle the roof of this cottage 
with a grade of asbestos shingle that requires 20 bundles to 
the 100 scj. ft. of roof surface, how many bundles would be 
needed? 

10, Twenty square wooden pillars earh measuring 15 in. by 
15 in. by 10 ft. are to be painted 2 mats of white paint, How 
many gallons of this paint will be needed for the job? 

20. Tlie roof of a garage is to be re.shingled with wood 
shingles laid 4 in. to tlte weather. This roof is of the common 
gable type anti each side measures 12 by 25 ft. How many 
bundles of wood shingles will be needed for this? 

21. Varnish that is advertised as covering 250 sq. ft, oi 
surface! two coats to the gallon is to be used in varnishing two 
coats on a floor that measures 40 fl. wide and 62 ft. long. How 
many gallons of this varnish are needed? 

22. Determine tlit* number of asphalt shingle strips of the 
size 12} by 40 in, that arc needed to cover a gable-type root 
each side, of which measures 15 by 80 ft. 

23. The wooden shingles on a flat sloping roof that measures 
38 ft. long anti 10 ft. wide are to be replaced with asbestos 
shingle strips. If two bundles of these shingles will cover 100 
sq, ft., how many bundles will be required to cover this par¬ 
ticular roof after adding 5% to the calculated area for spoilage? 

24. At the close of Its basketball season a school basketball 
team agrees to varnish its basketball court which measures 
45 ft. wide and 70 ft. long. It is decided to apply two coatso( 
varnish, and the team agrees to purchase a recommended 
grade of varnish that will cover 200 sq, ft. two coats to the 
gallon. If this varnish costs $3.50 per gallon, what is the total 
cost o f the varnish needed for this job?* 

* Answers to these problems will lie found on (iagcs 26(1 uml 261. 
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PRINTING: TYPE MEASURE AND PAPER MEASURE 

Another important use that is made of square measure is 
that of calculating the number of words to the printed page, 
Iso the number of pages needed for a piece of printed work. 
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( alrul.ilions relating to this an- carried out In, r, 
nuit,,, K 1| "‘ huimIht of words I,, tin- square inch 'IV t ^ 
varies according to the size of ,|„. used, and tod,* 
in which it is spared. 110 Lhe m anner 

Some sizes have an average of 11 words to the . 

other sizes ru„ K e up to 23 wools, and even higher ' 

Knowing the ntimher of square inehes of prinierl 
on a given page, the total number «,f words „ tint n 
found by multiplying the area of the page i„ square* neh ? 
the number of words to the square inch ' ^ 

In turn, the number of pages required for a given diVpp i 
printed matter may be determined bv dividing its total 1? 
Of WO.-.S „uml«. r ,.f ,„ r , )8 pri nt * 

I Ins rule is used in such practical problems as the following. 

Example; 

How many pages of 4 >; 7 in. printed matter will be needed 
to set ui) an article containing 24,000 words, there being on 

... .. 

Solution and Explanation, 

I he number of square inches of type matter on one page is 
4 X 7 in. or 28 sq. m. Allowing 20 words to the square inch 

With 560 words to the page, it will take as many pages 

. 

PAPER MEASURE 

and'weio-hr T*™' the f ,ri,uil *« l™cle to express the size 

and weight of paper as follows: 25 x 58 in. - 80 lb. 

usuallv ref anS S ‘ Ze of l *” s Particular sheet, which is 

the "Lh T ° aS 8lock ” 25 x 38 in., and that 

'■suSel » ° n m ream 1S 80 "'eight is known as 

be refer,-n t \ °* l 'J El!,,c Wf;| Rht" liy printers. Should the weight 
C 0 111 101 ‘Plan tides than the ream it is so specified. 
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A ream of paper when sold in bulk is considered as 500 sheets. 
When sold at retail in quire packages, however, a ream equals 
12 quires there being 24 sheets to the quire. This would make 
488 sheets to the ream if sold in this manner. 

It is often necessary in printing to determine the weight of 
nother ream of paper of the same kind, or same basic weight, 
lut in a different size. This is done by multiplying the weight 
nf the known paper by the size of the paper whose weight is to 
be determined. The resulting product is then divided by the 
size of the known paper. The quotient is the weight of a ream 

of the paper desired. , 

In calculating such weights of paper, the nearest pound is 
always used, and the fractional weight under one-half pound 

is discarded. , , . . 

The following is a practical application of this lUle. 


Example 1: , 

If a ream of paper 17 X 22 in. weighs 24 lb., what is the 
weight of a ream of the same paper measuring 22 x 34 in.f 

Solution and Explanation: 

As previously explained the weight of the known paper, 24 
, b i/niultiplied by the square inch area (22 X 34) of the 
“unknown" paper. This product is then divided by (17 X 22) 

the area of the known paper. 

By cancellation this works out as follows: 

2 

21 X H X 24 = 48 

That is, the weight of a ream 22 X 34 in on the same bai 
as the 17 X 22 in. — 24 paper equals 48 lb. 

When it is desired to find how many sheets of a certain size 

CMbe cu,XT 51 : 

becomes one of cancellation. That is, the P 
dimensions of the stock-size sheet ore drvrded y ! ' 
ei the dimensions of the required size. Tins" 
of smaller sheets that may be out from one of the large, sheets. 
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Multiplying this mi miter l.y tlm number of . s((K . k s) t 
cut up, will give the total number of smaller sheets ,.i" St ° be 
lie obtained as a result of this rutting „perat'inn ' ^ ^ 

How this rule is applied is shown in the following p ro ble m 
Example 2; 

IIow many letterheads, ft* >: 11 i„. ran be cut from a 
ream of paper (.SOU sheets! measuring 17 x 22 i,,.? 

Solution and Explanation: 

Thus problem is worked out as in ordinary oaticelhbn,, 
explained, by first dividing the si/e of the larger sheet bv\\? 
sme of the letterhead. The result of this division gives J 
number of letterheads that mm be eut from one full shee 
Thus quotient is then multiplied by 500, the number of la™ 
sheets in one ream. ge 

2 2 
>7X22 

M X H “ ‘ ’ . rh ,,( l“ a,s !,l( ' uutnber of smaller sheets 
m one large size sheet. 

500 X 4 == 2000, equals the total number of letterheadsthat 
can be cut from one ream. 

% laying out a plan show¬ 
ing how 1 he large sheet is 
divided up, it is seen that the 
paper cuts exactly, and there 
is no waste. 

In this method of calculat¬ 
ing the amount of stock neces¬ 
sary for a job, the cancellation 
of the numerators and the 
denominators may not always 
T , come out evenly, however. 

- , SUGh cases where there is this uneven cancellation, there 

is always some waste in cutting the sheets. This can best 

ho we vp ain f C - 3 practical examples. In each case, 

hnl fU a 13 WC t0 rnake a la y° ut of the sheet so as to show 
how the division takes place. This will serve to check the 
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calculation and give a clearer idea of how such cutting takes 
place. 

Example 3: 

How many sheets 6\ X 8 J- in. can be cut from 50 sheets 
0 f 17 X 28-in. paper? 

Solution and Explanation: 

Ill such a problem the first step is to find out how many of 
the smaller size sheets can be cut from one sheet of the large 
stock with as little waste as possible. This would be deter¬ 
mined by dividing the area of the larger sheet by the area 
of the smaller sheet to be cut from it. 

Expressed in cancellation this becomes: 

2 4 

17 X 28 Tf X 2# _ q 
6fx S’ ° r irf X M 

In this calculation 8J- will exactly divide 17. But 6f will 
not exactly go into 28, the nearest amount being 4 with a 

slight remainder. . 

The product of these quotients equals 8. This indicates 
that not more than 8 of the smaller size sheets can be cut from 
one large sheet of stock. 

Laid out to scale, a large sheet would be divided as follows: 



By laying out a plan of a large sheet cut up into this number 
of smaller size sheets, it is seen that such a sheet is cut exact y 
in half in the short dimension, 17 in,, and into 4 parts in tie 
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1, !" kr 'f'lHT. results f IflIll this CutHn 

nf waste 1 in. Wide* and 17 in. Thai g a st "P 

ready ben, Mm, is due f. (he unequal division™?«^ al ’ 
the remainder indicating waste. of6 i mio28 l 

If « .sheets are et.f (mm .. sheet nf stock thp . 

50 sheets there ran he rut 50 v ft. 4(10 sheeUs ’ ™ " rom 
Example 4: 

If it catalogue page measmes (, <t ; n 
iKsed is 20 x 25, |,nw many sheets are nee d 
of these catalogues/ d ‘° cover MOO 

Solution and Explanation: 

Since the paxes are 6 x <) in., one cnninlete r 

«x fS" " l “ l ... 

I lie uumlier nf such rovers that em t»> ,.ni r 

^zr ,K 2,1 y 

20 v 25 M x 25 

12 o T.r x # 4 

lh f ; ,H ' 4 , C0V( ' rs ' iril 'hidinx fmnt and hark, ran he cut from 
one sheet nf stuck measuring 20 25. Uy referring to the 


Waste, strip g "ty/de 


-X 
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above calculations, however, it will be seen that the division 
of the numbers is not exact. As already explained, this indi¬ 
cates waste. Laying out these covers it is seen that there is 
a small waste on two sides of the sheet. 

It is to be understood, however, that in such layouts, the 
paper is to cut in the most economical way possible. 

If there is a doubt as to a choice of two divisions a layout 
of each plan will aid in deciding which is to be used. 

To get 1,000 covers will require as many sheets as 4 is con¬ 
tained in 1,000, which equals 250. 

That is, 250 sheets are needed to cover 1,000 catalogues 
that measure 6 X 9 in. 

Problems Relating to Type Measure and Paper 

1 . How many cards 3X5 in. can be cut from 100 sheets 
of card stock measuring 20 J X 24J in.? 

2. To print a certain job requires the use of a paper that 
measures 32 X 44 in. Calculate the weight of this paper on 
the basis of 25 X 38 in. — 70. 

3. How many pages of 4 X 6-in. printed matter will it 
take for a 14,200-word article which averages 20 words to 
the square inch when set up in type? If the above article were 
later reprinted on a 5 X 8-in. page averaging 14 words to the 
square inch, how many pages would it cover? 

4. How many sheets of 22 X 28-in. stock are needed for 
1,400 cards cut 3-J X 5J in.? 

5 . At 14 cents per pound what is the cost of 5 reams of 
paper 19 X 24 in. on the basis of 17 X 22 in. — 16? 

6 . An 8-pagc pamphlet set in 12-point type averages 11 
words to the square inch. The size of the printed matter on 
each page is 3 X 5-J- in. This pamphlet is to be reprinted on 
a page measuring 1\ X 4 in. How many pages will be required 
for the reprinting? 

7. What is the equivalent weight of a ream of flat writing 
paper 16 X 21 in. on the basis of 22 X 34 in. 28? 
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K. How many sheets „f pnsf-rard matorh! osu , 

will lit- needed m print 4.5(111 raids whirl) measure V 45 
and 45 in. long? ” 1 . asure 3 ln . w i de 

d. At $5 per roam determine the rns( of 21 yw 
needed for 20,000 sheets cut ,S >, m >n. stock 

10. Upon the basis of 17 •• 22 in. ■ - }<i n, , 
weight of 42 reams of paper measuring 22 x 34 fa ^ * S ^ 

11. Wlmt is the approximate number of words i„ , 

that requires 12 full panes of f. y prill( , . a " artlcle 

If llm is lali-r 111 In- l .'|irii,li.,| „„ a paK ,. ,j lal m ,. asuro 

. ..->■—- 3 % 

r* a 2 i r ,,f *•-*••**« <«.*»» 

13. How many sheets of stork 17 v OR , , 

print 1,000 billheads measuring «.J x 7 in.? ' t0 

14. An iulvmis,.m..„i slip llial . imuito 5 x 6 i in , 

x .. .. 

be required t <» Print an article of 0,600 words? 

sheet's^of° cardK 4x5 can be cut from 340 

sheets of Bristol board which measures 20’ x 24f in.? 

measuring 7TlV! * “ “‘t ” US, '“ ™ ki "6 

35,000 labels? ’ many sllcets are "ceded to print 

weigh on°!Uh any P f °« d8 wil1 a rcam of stock 33 X 46 in, 
weign on the basis of 25 X 38 in. - - 4()? 
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19 How many pieces, 6 * X 10 in. can be cut from H 
reams of 2 S| X30Mn. stock? 

20 Determine the number of sheets of 25 X 38-in. stock 
needed to print 12,000 record forms which measure 4f X 6J in. 

„i How many cards 4 X 5} in. can be cut from cardboard 
stock that measures 22’ X 28J in.? How many sheets are 
needed to make 4,200 cards? 

22 Determine the number of pages of type matter, 3 X 5 
in that are needed to print a 6 , 200 -word article. It is esti¬ 
mated that 18 words are to be used to the square inch. 

23. A printing job that formerly required 3 reams of stock, 
x 38 ; n _ 30 lb., is to be run on stock of the same base 
weight but measuring 32 X 44 in. What is the weight of this 

stock? 

24 A brief historical sketch, containing 3,360 words which 
takes 6 full pages of 4 X 7-in. printed matter, » to be re¬ 
printed in pamphlet form on a page measuring 2 * x ■ 
Using this same size type how many pages will be required fo 

the reprint? 

25. On the basis of 17 X 22 in. - 20 lb., what is the weight 
of 5 reams of stock measuring 28 X 38 in.? 

26. A pamphlet requiring 4 sheets of paper that are cut 
8 x 61 in. is to be printed on a 25 X 38-in. — 60-lb. stock. 
How many sheets of this stock are needed to print 900 copies 

27 Determine the weight of 25 reams of book stock 36 X 48 
in. on the basis of 25 X 38 in. - 50 lb. per ream. 

28. An order for 8,000 handbills, 9 X 12 in., is to be printed 
on stock 24 X 36 in. - 30. At 4| cents a pound what is 
cost of the stock needed for this job? 

29. On the basis of 25 X 38 in. - 40 lb what is the cost per 
ream of paper measuring 28 X 42 in. at 8 1 per poun 

30. Determine the number of sheets of stock, measuring 
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28 X 44 that an- needed to prim 1500 mpies 0 f a t i, 
winch mpn, three pieces „f M„rlc cut to t he si'.e 1 L ° lder 
it \ ii 0 a -^9in, 

81. A pamphlet rover cut KJ >; Q:‘ in • ( , , 

stock that measures 2(1 .< )(, ; n> tr . ' , made from 

stock will la- needed f„ r 4,1100 covers? K ’ C<!tS ° f this 

82. On the basis <if 25 x 28 in - ||, i 

S"'"‘ n " K ” iE, “" f “..* 

82. A ream of paper 22 x 24 in. weighs 80 0, A .- a- 
n? *45 '!,U ' v " is '" sam " ki '"‘ UN* 

zrs'ztzn* 

28£ X 45 i,,.? whlch measures 

25. Blotter stock measuring 10 x 24 in i« m . 

making blotters that: are 3 in. wide and 6 ta’lir “ 

stock sheets are needed for an order of 3,000 such blotter!?^ 


Paws 235 to 237. 


ANSWERS TO PROBLEMS 


1. 58 sti. yd, 

2. $8.25. 

3- 12,104 bricks. 

-4. 110 sq. yd, 

5. 36 bundles; 2471 S q. vd 

6 . 9,477 bricks. 

Paws 247 to 250. 

1 ■ 3 gal. 

2 . 2 gal. 

3. 405 strips. 

4. 6 rolls; $1.92. 

5. 13 gal. 

6 . 16 rolls side walls; 

8 rolls ceiling. 

7. 39 b undles. ^ 

♦Answers to these problems will |, 0 f„ u J 


7. 9 bundles; 63 sq. vd. 

8 . 39 sq. yd. 

9. 3,783 bricks. 

10 , 26 sq. yd. 

11 , 6 bundles. 

12, $27. 


8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 


6 gal. 

13 rolls. 

2 gal. 

9 rolls side walls; 

4 rolls ceiling. 
431.97 sq. ft.; 2 gal. 
18 bundles. 

6 gill. 

pane 201 , 
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■15 19 rolls- 

j 6 ; 2,178 sq.ft.; 9 gal. 
17 , 30 bundles. 

136 bundles. 

19. 4 gal. 


PK es 257 to 260. 

1 . 3,200. 

2, 104 lb. 

3 . 30 pages; 26 pages. 

4 , 50 sheets. 

5. $14- 

6 . 14 pages. 

7, 13 lb. 

g, 50 sheets. 

9. $15- 

10. 2,352 lb. 

11. 9,216 words; 32 pages. 

12. $4.40. 

13. 125 sheets. 

14. 24,000 sheets. 

15. 20 pages. 

16. 8,160 cards. 

17. 500 sheets. 

18. 64 lb. 


20. 24 bundles. 

21 . 10 gal. 

22 . 810 strips. 

23. 8 bundles. 

24. $56. 


19. 9,000 pieces. 

20. 375 sheets. 

21. 28 cards; 150 sheets. 

22. 23 pages. 

23. 132 1b. 

24. 17 pages. 

25. 285 lb. 

26. 200 sheets. 

27. 2,275 lb. 

28. $2.70. 

29. S4. 

30. 300 sheets. 

31. 500 sheets. 

32. 35 lb. 

33. 137 lb. 

34 . 20,000 sheets. 

35. 125 sheets. 


Review Problems Involving Applications of Square Measure to 
Trades 

1 . A common pitched roof measuring 30 ft long with an 
18-ft. slope on each side is to be reshingled with stop asph 
shingles. If sold in bundles of 25-sq.-ft. coverage how many 
bundles will be needed for this job? 

2 . A partition wall 9 ft. high and 15 ft. long is » bjUatlW 
,„d plastered on both sides_ Alter deduct,ng t 

for one door that measures 3 ft, uy t •> 
of lathes are required for this job? 

Upon how many square yards should the in ? 

be based allowing 50% deduction for the do P 
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3. A plain brick wall wi(h pillar.-, as noted i s to be erect 
around a Harden plot according to tin* following layout Wib 
i.s tin* total number of brick-, needed for this construction? 3 


-/7'0" - - ■ ~i 


■ r/'-o - 


□ 

TT 


Q Lb 




Pi Kars 2 - 0 "syaarn x<?~0 "high 

Wot/s J'~0" fh/cA x pO 'high 


0 = 


S 


L 


■41''-O' 


4. How many gallons of varnish will In*, needed in giving 
two coats to the three following floors? One floor measures 
12 X 18 ft.; another 12 X 15 ft.; another .8 X 12 ft. 

5. A lean-to flat roof 21 ft. long and Id ft, wide is to be 
reshinglod with wooden shingles laid 4 in. to the weather. 
At $1.35 per bundle what is the cost of the shingles needed 
for this job? 

6. A leaky roof ruined (lie plaster on the ceiling of a room 
that measures 12J ft, wide by 18 ft, long. At: $1.50 per square 
yard what would be the cost of replaslering this ceiling? 

7. The side walls of a bedroom that, measures 12 ft. wide, 
15 ft. long, and 0 ft, high are to lie repapered. In this room 
there are 2 doors ear'll measuring 8 by 7 ft., and 2 windows 
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each 3 by 5 ft- Allowing 50% for these openings, what will 
be the cost of the paper needed at 20 ji per single roll? 

8 A brick partition wall in a cellar measures 14 ft. long 
by 7 ft, high and is 1 ft. thick. How many bricks are required 
in building this wall? 

9 How many sheets 6 X 7 in. can he cut from a ream of 
paper that measures 38 X SO in.? Show by sketch how each 
large sheet is to be cut. 

10 The ceiling of a hall that, measures 9 ft. wide and 23 ft. 
long is to be papered with a double-roll ceiling paper that 
costs 42fi per roll. What is the cost of the paper required for 

this job? 

11, A 16-page leaflet: that has the printed matter measuring 
5 x 8 in. to the page, is to be reprinted on a page size that 
measures 4X6 in. If there are approximately 16 words to 
the square inch, how many pages of the 4 X 6-in. size would 
this reprinted article require? 

12, Determine the equivalent weight of a ream of book 
stock measuring 42 x 56 in. on the basis of 25 X 38 in. 

40 lb. 

13. The cylindrical portion of a wooden tank 12 ft. in 
diameter and 10 ft. high is to be given two coats of red paint. 
How many gallons of paint will be required for this job if this 
paint covers only 200 set. It. 2 coats to the gallon? 

14. How many sheets of stationery 8| X 11 in. can be cut 
from 2 reams of paper that measures 22 X 34 in.? 
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Volumes/ weights, capaci¬ 
ties, estimates, industrial calcu¬ 
lations, trade applications. 




Cubic Measure 


In the study of measurements so far, there was first con¬ 
sidered the units of linear measure, which dealt with one 
dimension only. This was followed by square measure dealing 
w ith two dimensions, length and width, giving area. 

Cubic measure deals with an additional dimension, thickness, 
and uses the three dimensions, length, width, and thickness, 
in determining volumes, capacities, weights, and the like. 

Such calculations occur frequently in everyday practice 
and a working knowledge of cubic measure should prove very 
helpful. 

HOW CUBIC MEASURE IS DETERMINED 

In the study of square measure it was explained that a 
square foot was t he area of a surface 12 in. long and 12 in. 
wide, and that the product, of these two dimensions was 144 
square inches. 

By referring to the following drawing it will be seen that if 
this 144 square inches were exlcnded 12 inches in a third 
direction adding thickness to it., this amount would be increased, 
or multiplied, 12 times. 

This gives a solid 12 inches long, 12 inches wide, and 12 
inches thick, and contains 1,728 cubic inches which is the 
product of 12 X 12 X 12. This is the cubic inch measure of 
a solid which is 1 ft. wide, 1 ft. high, and 1 ft. thick, or 1 cubic 
foot, 

From this explanation and from a study of the illustration 
which follows, a dear understanding may be had of what is 
meant by a cubic foot and cubic measure in general. 

The solid pictured on page 268 contains twelve sections of 
cubes 1 in, on the edge, with 144 cubes in each section, or a 
total of 1,728 one-inch cubes. 

267 
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It bj-iiiK 1 ft. Ihiik, \ ft. with., .uul 1 ft, thick, it is called 
one culm* foot. 

Io show the tdati,,,, „f the standard units of cubic measure 
o each other, ami to aid in elmnyinK units of one denomina- 
ton to equivalent units of another denomination, the folio*. 

in K table is ytven. 

1,728 cubic inches (cu. in.) t cubic foot (cu. ft.) 
cubit: feet —- 1 cubic yard (cu. yd,) 

I o <han ye from units of one denominntion to equivalent units 
o anotur denomination, the process in cubic measure is 
sum t u to t nit used in square measure and linear measure, as 
shown m the following examples. 
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Example 1: 

In excavating for a cellar, 12 truckloads of dirt were carted 
If each truckload contained 21- cu. yd., what was the 
equivalent number of cubic feet of dirt removed? 

Solution and Explanation: 

In problems-of this kind it is good practice to first determine 
the number of cubic feet in one truckload. There being 27 
cu ft. in one cubic yard the number of cubic feet in cu. yd. 
is found by multiplying 27 by 2J. This works out as: 

27 X 2J or 67-1 cu. ft. 

The equivalent number of cubic feet in 12 truckloads is 
found by multiplying 67.} by 12. 

671 X 12 = BIO 

That is, 810 cu. ft. of dirt were carted away. 

This problem illustrates that, in order to change units of a 
higher denomination to units of a lower denomination, the 
number representing the higher denomination is multiplied by 
the number of the smaller units it takes to make one unit of 
the higher denomination. 

Example 2: 

How many gallons of oil will a can hold that has a capacity 
of 1,920 cu. in.? One cubic foot equals 7$ gal. approximately. 

Solution and Explanation: 

In problems like this the cubic-inch measurement of the 
can should be reduced to cubic feet as the first step. There being 
1,728 cubic inches in one cubic foot the capacity of the can 
in cubic feet is determined by dividing 1,920 by 1,728. 

This works out as follows: 1920 -r-1728 = 1& 

As there are approximately gal. to the cubic foot, the 
number of gallons in To- cu. ft. would be: 
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«-1 r»«»it y (if 1,920 
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WEIGHTS OF MATERIALS 

Lnr reference in wdvimj pr< 
materials there are limed hen 
materials ami their apprnxim 
measure. 

Aluminum v. rich-; 

Itr.e-s wim/Ii , 

bmn.c v.ru:tw 

t iC>) ill in v. 

<>3<1 u r vinati. 

I *' el v.i n.lc, 

Mirl v.ei f ;iis 

Hu. I> Wri^tc* 

( eii.ir «<‘u;le. 

< ‘lies! n||( vtrti;ivi 

('iMiucic Vi!-u;ii. 

(■,.ii Mi Miri S wi t,;h * 

T H' weii;lis 

HeillUk vuTrIi-. 

(i.tk i-i,. 1 c- 

Sau.l VriK'le. 

Slirui-e wi-irUs 

»Vaier tfre <li} wcirIis 

Cllu: weighi of w.uer e< eh, 
Water (sail) u 

llit t* | >i in* 'wHy-lpi 

Vdlow |»in<- wiMKlin 


•MU-ttis thtil involve weighs 
,n,, n: commonlyujj 
■ He weights per unit of cull; 


.it') 

. m 

,.t.» 

.11 

.AS 

in. 

.m. 

y; 

1 .to. 

tun. 

,'5, 

5<i. 

pin. 

,!,s. 

fi.t. l.!5 


in. 

in. 

in. 

in, 

in, 

in. 


II'. ]Htr cu 
H>. per cu 
ll'. |ter ru 
!!»■ per cu 
O'. |km* cu 
II', per cu 

il'. per cu. 

II’. (HT cu. ft. 
Il>, per cu. ft. 
Hi. |H'r cu, ft, 
d'. per cu. ft, 
Hi. per cu. ft, 
Hi. per cu. ft. 
Hi. per cu. ft, 
IP. per cu. ft. 
Hi. per cu. ft. 
Hi. per cu. ft. 
IP. per eu. ft 


n Riven .n (iJi lb. pur cu, ft.) 

( >l. IP. per cu. ft, 

•hi. Hi. per cu. ft. 

■It). III. per eu. ft. 


. T ” ohla ‘ n a fail ' fl<'Ktee nf accuracy in calculations that 
involve wciulits or volumes the answers should Im carriedlr 
the second decimal place, unless ollierwise specified. 


Problems Involving Changing Units of One Denomination to Uni 
or Another Denomination 

• ^ 1 ft), yd. to cubic feet; } cu. yd. to cubit 

me ks, 2,430 cu. in, to cubic yards; l ,M50 cu. in. to cubicleet 
o.4 cu. ft, to cubic inches. 
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2 In excavating for ;l foundation of an automobile service 
tation 16 truckloads of earth (dirt) were removed. How 
^ cubic feet is this equal to, if each truckload contains 

2 cu. yd.? 

3 To empty a water tank, 54 bucketfuls of water were 
amoved. How many cubic feet is this equal to if the bucket 
used contained 960 cu. in.? 

4 A solid iron pedestal contains 21 cu. ft. of metal and 
weighs 1,116 lb. How much does a cubic inch of the metal 

weigh? 

5. If a cubic fool, of steel weighs 490 lb., what is the weight 
of a piece of this metal containing 42£ cu. in.? 

6. At the rate of 22 J gal. per minute how long will it take 
to fill a rectangular tank which has a capacity of 4J cu. yd.? 
In this calculation assume there are 7) gal. to the cubic foot. 

7. A solid metal ball measuring 45 J- cu. in. weighs 12 \ lb. 
Compute the weight of 1 cu. ft. of this material. 

8. Calculate the weight of a cubic inch of oak in a timber 
that contains 2}- cu. ft. and weighs 125 lb. 

9. In excavating for a driveway and a garage, 72 wheel¬ 
barrow loads of dirt were removed. Each wheelbarrow load 
averaged 90 lb. If a cubic foot of dirt weighs 100 lb., how 
many cartloads of 1 cu. yd. each would this equal? 

10. A checkup shows that lubricating oil flows from a faucet 
of an oil tank at such a rate that it fills a can containing 1,152 
cu. in. in 1| min. If there are approximately 7| gal. to the 
cubic foot, how long will it take at this rate, to draw 50 gal. 
from this tank?* 

VOLUMES OF REGULAR SOLIDS 

The cubical measure of regular solids, as for example, a cube, 
a sphere, or a rectangular prism, or a solid resembling any o 
these, is found by multiplying together the three dimensions 
* Answers to these problems will be found on page 294. 
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Equivalent 


length, widih. and thickness, or their 
If Ihcr.r dimem-nm , ate in isii hi- ., the firodnrt , - 

If ,1,, v «»» f,< '• *»•'• fu'«l ,i« i i, in cubic feet If^ indti 
y.Ufk the i>frcftin I is in cubic y.mi*. ' tneyar( ii 

I he method ii'-ni in calculating the cubic measure „t l 

.. . i, )M , 

1. Cubej, Rectangular Prism*, or Forms Resembling Them 



£ ubv A'c c fongu/ar prism 


. 1,1 [ lu ' :i1 * ‘'itecs uutl .ill Faces ill- sides, are equal, an! 

Us volume IS equal In <£ v ,j ■ q, or ,i\ 


'* nr :t quantity, iy multipliedb 

' 1,1 th,s , ,V ;u '!! , : r - " I'*' ’Vulied,” or "raisedto tit 

lllirtt power. Ilns multiplication is more briefly expressed 
bv placing t lu* small liguie 1 to the right unci slightly aim 
the; number, nr quuntit y, tn lie cubed. In this case, a Xah 
would become «\ I he volume of the cube would then be sail 
l.o Equal u , where “n" equals the length of one of the edge; 


, a solid, or a m r prism, asitissoi® 

tunes called, the faces, or sides, are rectangular in shapeanl 
on y the opposite sides and apposite edges are equal, 

The volume of such a solid is found by multiplying togetlm 
t 'e length, width, and thickness. This is also the equivab 
of multiplying the area of the base by the vertical height, 
An application of these rules is seen in the following example 
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Enampla 1: 

Calculate the weight of the steel bar in the following sketch, 
when this material weighs .28 lb. per cubic inch. 



Solution and Explanation: 

The weight of this piece is found by first determining its 
volume in cubic inches, and then multiplying that amount 
by .28. 

The volume of the bar equals the product of the three dimen¬ 
sions expressing length, width, and thickness. This works 
out as follows: 

x H X •}, or -Y L X -J- X -J, which equals: 

W-. or 1 <H- 2 - cu. in. 

16$ cu. in. of steel weighing .28 lb. per each cubic inch 
equals: 

16$ X .28, or 4.59 lb., or approximately 4.6 lb. 


Example 2: 

Determine the cubic foot 
capacity of a box whose in¬ 
side measurements are as in¬ 
dicated in the sketch. 

Solution and Explanation: 

Length of box inside = 3* ft- 
Width of box inside = If ft. 
Depth of box inside = 1$ ft. 
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Sinco the* capacity in nil .it* feet is found \ nr 
ln K **thiT the length, width, ami depth, tiu , J ” ul ^ 
box is, 1 ' nu - td l ,JC 'ty of tki s 

X X >; > >•' 2. which equals; 

Vfl 1 or ') ru, ft. capacity. 

2. Cylinders, or Solids Resembling Cylinders 
The cubic measurement of a cylinder is found bv m.,ln 1 ■ 
cyLiZ. ‘ h “ d "' Ular hy height. K 

A practical application of this rule is as follows: 

Example: 

How many cubic feet of liquid in 
the tank illustrated, when the in¬ 
dicator shows it is half full? 

Solution and Explanation: 

The volume of this tank in 
cubic feet is found by multiplying 
the area of the bottom by t h<* 
vertical height. As both "these 
dimensions are given in inches, die 
cubical contents will be in cubic 
inches. Phis in turn must lie re¬ 
duced to cubic feet. 

To avoid lengthy calculation, 
the volume is calculated and re- 

d T d *° CUbiC I*KC» of Cailci'IllLti.m *illutott 

e area of the circular bottom equals 16 X 16 X .7854. 

the height is 27 in. 

16 X 16 X .7854 x 27 

1728 — 3.1416, or 3.14 cu. ft., full capacity, 

of'the bove^v o 1 u me,^3 JL4 cu^f ' o iM ^7 * “ 7“ Tt ** 

uu> u o or 1-67 cu. ft of liquid, 
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r 

/LI 


Jhig/rf' or /engrfh 
of cg/inc/zr 



3. Spheres, or Solids Havins Spherical Form 

The volume of a round bull, or a sphere as it is called, is 
found by multiplying the diameter by itself, and then 
multiplying that product by the diam¬ 
eter times 0.5236. 

Expressed in abbreviated form this 
equals, D X D X D X 0.5236, or, 

D 3 X 0.5236, where D equals the diam¬ 
eter of the sphere. 

Calculations based on this rule are 
worked out as in the following example. 

Example: 

A cast-iron ball 5 in. in diameter is to be used in an athletic 
contest known as “putting the shot." What is the weight ol 







276 

applied mathema* 
“l' .""" "" W,s ! lb., tek 

Solution and Explanation: 

l : llrul,l "‘ ,! :,rr '»i(Iing to tin- allow formuW Hu. , 

<1 5*in. hull cfjualh: <r ^ le v °Iumeo[ 

ifi •* 5 a ,S > (). 5 2 dfi, nr oS 4S ..-In'.-I. • 

65} hi. in. ’ " l,uh ls approximately 

.Since 1 cubic inch of this mitcri-il i 

1 !!'■ 65 i H,. i„. will w.-iuh MS 'x 1.1 1 air™ 1 * 1 ' 

lal i.s, Out ..-m. iron hull wciyln. U|iproximately 16 ; . 

Volumes, or weights of regular forms rescmblimr the 
tauguiar, cylindrical, or spherical slriocs ^ , ec ' 

uxpiuiiu'ii. ti„,„ « 

mils anil liars, .. 

ProbUm. Involving RnCngnl.,, Cylindiln.l, ,„d Sph.ricl 9,„, 

uu. truck used for cartage holds 2.1 ni. yd.? 

1 om A , !tln ! C ,ha ' m, ' ils,lr ‘‘ s « ft- long and 6 f,. w ide holds 

suminw'llvo thod* * " ll '", <Wp b U. is L£ 

simung (hat there are 7} g :i |, ( » the cubic foot? 

I.. nTtY 1 * " mnb ” * ,Mm44 

lowered into th,. f i ' , ‘liameter, a measuring stick is 
it touches the 1 K ‘ W ,,olu in th( ‘ circular top until 

Si™ a d zz j'r ‘ h * siiik *■ 

the tank? P ^ L Hmv numy R allons of oil are in 

Crete ornmm/'T , CUyan ^ " * iat ‘ s t * 1(i cost of making 4 con¬ 
crete ornamental columns 1* ft. square and 9 ft. long? 

10 ft deerTis m # 5 asi | res ^ square on the bottom and 
mateiy n P 7 ith water - If there are appro*, 

this tank hol'd? ^ CUbl ° f ° 0t IlOW many Rollons of water will 
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g Determine the weight nf 500 sift*! ball bearings \ in. 

in diameter. 

7, How many cubic yards of tlirt will lit; removed in clin¬ 
ging- a trench that is to measure 2 ft. wide, 4J ft. deep, and 
42 ft. long? 

8, A tank with a square bottom, 5 ft. on the, side, is filled 
ivitli water to a depth of ,U ft. If L cubic foot of water weighs 
approximately 62} lb. what, is the. approximate weight of the 
water in this tank? 

9, A piece of steel 8 in. long is cut from a 2-in.-square bar. 
Jf this material is listed as weighing ,28 lli. per cubic inch, 
what is the weight of this 8-in. piece? 

10. A solid concrete ball 18 in. in diameter is used as a 
jarden ornament. What does this ball weigh? 

11. What is the weight of a 1-in. 
trass rod needed in making 500 
crews as per the following draw- 
ng, allowing -J in. to each screw for 
utting off and finishing? 

12. In order to hold 450 gallons 
'hen completely filled, what should be the depth of a tank that 
leasures 4 ft. square on the bottom? In this calculation 
ssume that there are 7-J gallons to the cubic foot. 

13. How many cubic yards in a box measuring 4 ft. 6 in. 
mg, 2 ft. 9 in. wide, and 2 ft. deep? 

14. Two strips of sheet lead each $ in. thick, one measuring 
in. wide and 32 in. long, the other 14 in. wide and 32 in. 
ng, are used in lining a box. If lead weighs .41 lb. per cubic 
ch. what is the total weight of these two sheets? 

15. What is the capacity in gallons of a hemispherical copper 
:ttle that measures 2J ft. inside diameter ? 

16. Determine the weight of 24 hemlock timbers each releas¬ 
ing 6 in. thick, 8 in. wide, and 12 ft. long. 
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17. Calculate the weight of 3,000 onc-quarter-inrh . 
I»alls such as arc used in ball bearings, s ee 

Tin* 


18. 1 lie standard size brick measures 8 x ,1J ^ *i ' 
When used in const ruction work they average l<j>. bricks'" 

la' needed in building 


the cubic font. Ilmv many bricks will 
a wall 24 in, thick, 6 ft. high, and 80 ft. long? 

19. A concrete post used in building a highway f en c P 
measures 8 in. in diameter and is d ft. long, flow much doe, 
this size post weigh i* s 


20. Determine the number of truckloads of dirt that must 
be removed in making an excavation 12 ft. wide, 18 ft. I 011 
and 4J ft. deep. The truck used for cartage holds 2 cu yd 
What is the equivalent number of tons of dirt removed? 

21. What is the weight of 6 maple table lops that measure 
2 in. thick, 4 ft. wide, and 6 ft, long? 

22. Calculate the weight: of 12 wooden balls made from 
white pine and measuring 111 in. in diameter. 

23. Determine the number of bricks that: are needed in 
building 8 piers each 3 ft. squaw and 3 ft. high. 

24. What is the weight of 2 yellow pine limbers each 6 in X 
12 in. X 14 ft.? 


25. Calculate the weight of 52 fir planks each 2 in x 8 in 
X 14 ft. 


26. At the rate of per pound, what, is the cost of a flat 
cast-iron plate 4 in. thick and 20 in. in diameter? 

27. With the price of copper 38per pound determine the 
cost o a copper bar that measures 4 in. thick, 1-J- in. wide, and 
4 ft. long. 

28. Approximately how many tons of dirt must be removed 
in making an excavation for a cellar that is to be 6 ft. deep, 
18 ft. wide, and 22 ft. long? 
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29 . Oil is drawn from a lank thal measures 4 ft. in diameter 
until the level of the oil drops 11 ft. Ilmv many gallons are 
withdrawn ? 

30 , Twelve pieces of slock each X in. long are cut, from a 
steel bar that measures 1 \ in. in diameter. What is the weight 

of these pieces?* 

CALCULATIONS relating TO HOLLOW RECTANGU¬ 
LAR SOLIDS 

1, The volumes or weights of hollow rectangular forms or 
solids based on the rectangular form, such as hollow concrete 
blocks, rectangular shaped 
castings, and the like, may he 
calculated by using the pre¬ 
vious rules relating to vol¬ 
umes of rectangular solids. 

This is illustrated in the fol¬ 
lowing problem. 

Eximplc 1: 

Calculate the weight of a 
concrete block made am ml - 
ing to the dimensions in the 
illustration to the right. 

Solution and Explanation: 

The weight of such a solid is determined by first finding 
the volume of the entire piece, then subtracting from this the 
volume occupied by the hole. 

Considering this block us a rertaiigul.tr solid without a hole 
in it the volume would lie: 

8 X 12 X 8, or 768 tut. in. 

The volume occupied by the rectangular hole equals 
8x3x8, or 162 cu. in. The actual volume occupied by the 
materia l then equals: 768 - l ( J2, or 576 cu. in. 

'Answers to these inulilcnni wilt W fount I tin u.ipt* 2tM, 
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Since mncrele weighs 150 lit. jut cubic font, as explained in 
the previous table, then the weight of this block becomes' 

(576 X 150) -r- 1728, which equals or 50 lb, 

2. Volumes resembling the Iwlhnt' cylinder, such as pip es 
tubing, hollow shaft ini’, and the. like, arc determined much 
the same as the hollow rectangular forms. In these calculations 
the volume, of the outside cylinder is first determined and 
from this there is subtracted the volume of the cylindrical 
hole, The, difference between these two volumes equals the 
volume of the material in the piece. How such problems are 
worked out is illustrated in the following problem. 

Example 2: 

A cast-iron pipe measuring 4 in. outside diameter and 3 in, 
inside diameter is 5 ft. long. Determine the weight of this 
pipe. 

Solution and Explanation: 

As explained, the volume of a cylinder 4 in. in diameter 
and 5 ft. long is first determined. Because the weight of cast 
iron is given per cubic inch, this volume is calculated directly 
in cubic inches. 

4 X 4 X ,7854 X 5 X 12 = 753,984 cu. in. 

In the same way the volume of the hole is calculated. 

3 X 3 X .7854 X 5 X 12 = 424.116 cu. in. 

The volume of the material in this pipe t herefore equals the 
difference between the above two volumes. This equals: 

753.984 - 424.116, or 329.868 cu. in. 

Cast iron weighing .26 lb. per cubic inch, the weight o 
329.868 cu. in. of cast iron, which is the volume of the pipe 
equals: 

329.868 X .26 = 85,76568, or approximately 85| lb, 

That is, the weight of the above is approximately 85f It 
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3 . Iii calculating volumes of hollow spherical shapes such 
as hollow balls, and the like, the procedure is the same as that 
followed in calculating the volumes of hollow cylindrical 
shapes. 

For example, to determine the weight of hollow balls, the 
volume of the ball is first calculated as though it were a solid 
ball. From this amount there is then subtracted the volume 
of a sphere which has for its diameter the diameter of the 
inside of the ball, or the diameter of the hollow portion. 

The difference between these two volumes equals the actual 
volume of the material in the ball. This multiplied by the 
weight of a cubic inch of the material, equals the weight of 
the ball. 

How this works out is illustrated in the following problem. 
Example 3: 

Determine the weight of a 4-in. hollow brass ball $ in. thick, 
which is to be placed upon the top of a flagpole. 

Solution and Explanation: 

Working this out according to the above suggestions, the 
volume of a 4-in. ball is first determined. This equals: 

4 X 4 X 4 X 0.5236, or 33.5104 cu. in. 

The shell being J in. thick would make the diameter of the 
inside surface in. less than the outside diameter of 4 in., or 
3f in. 

The volume of a sphere with a diameter of 3$ in. equals: 

3f X 3-J X 3-J X 0.5236, or 27.6117 cu. in. 

The volume of the material in the sphere would then be equal 
to the difference between 33.5104 and 27.6117, or 5.8987 
cu, in. 

At .30 lb. per cubic inch 5.8987 cu. in. of brass weigh. 

5.8987 X .30 = 1.86961, or approximately If lb. , 

That is, a 4-in. brass ball i in. thick weighs approximately-:, 

1111 ). 
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IRREGULAR FORMS 

Tilt' volume*. of irf-.;:thr however, may often be 

readily r.d> ul.tP d by dhiding Iliem up to resemble regular 
ft inns I hat have aheady I teen illu-Uruled. 

The volumes, nr weights, of these regular forms may then 
he determined as pieviim.lv e\pl.iine«l. The sum of these 
sepal ate mptl.n volume., will in turn equal the volume of the 
whole it regular piece. 

The method of dividing up siteli irregular solids maybe 
more clearly illustrated in the following example. 

ExtmpUi 

Calculate the weight of 2r> j 
cast-iron angle braekets made 
as in the. sketch. ! 

Solution and Explanation: ( 

The shape of this piece, as 
may lit; seen from inspeetiou, 
does not reseinhle any solid 1 

previously considered. A emeful observation, however, will 
show that, it may he divided up so as to resemble such solids, 
and ;is a result its volume may he readily determined. This 
particular piece may he divided as follows. 

Referring to the drawing, tint short: leg (/l), of the above 
angle iron, may be considered as a rectangular solid -J- in. thick 
3 In. wide, and 3 in, high. Its volume, equals: 
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In the same manner, the long leg (73), extending 4 in. out 
from the short leg may lie considered as a rectangular solid 
measuring ?. in- thick, 3 in. wide, and 4 in. long. Its volume 
in turn equals: 

i X 3 X 4, or 6 cu. in. 

The volume of part (d) and the volume of part (73), which 
make up the total volume of this angle iron, would then be 
equal to 4J cubic inches plus 6 cubic inches, which is 10§- 
cubic inches. 

Since cast iron weighs .26 lb. per cubic inch, then the weight 
of one angle bracket is; 

10 J X .26, or 2.73 lb. 

The weight of 25 such angle brackets would then be: 

2.73 X 25, which equals 68J lb. 

In like manner, other irregular shapes may be divided up 
and as readily calculated. In each case the sum total of the 
separate volumes equals the total volume of the entire piece. 

Problems Relating to Hollow and Irregular Forms 

Note: Weights of various materials referred to in the 
following problems may be found in the table on page 270. 
Answers to these problems are to be correct to 2 decimal places. 

1. Calculate the weight of 8 T-slotted cast-iron blocks as 
per the dimensions in the illustration below. 




. J!Li 
4 


TT 


'!M 


-//- 


Showing defo/Z 
of s/of 
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2. Wii;u is t|,P weight «.f H steel plates • in .... . 

urrort,,,, K «•' the dimmdon. in the following drawing? " 


/» 

H* .P, 

! c a 

. J n 

•U ” > 

") 


3. Determine the weight of ’-in.-ruund stock needed i„ 
makntK D.O brass pins as shown In-low. Allow > i n . f orcutti 
on each pm. 8 

nra~ir a-k 


4. It is inquired (n make (.4 blanks on a f 0()t press from 
sheet copper i in. thick as per the following sketch. The strip 
of copper to I.C Used measures 11 in. wide. An allowanced 
* m - ,H tn lH ’ »»«<•'* I "'tween t ho blanked pieces and at each 
end of the strip as shown. Whal is the total length of the 
strip of copper needed for these M blanks' What is the weieht 
of the 64 blanks)' ° 



Showing how pieces 
are blanked from strip 


JCr 

XT 


t.I-J 

Dimensions 
of blank 
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5, Determine the weight of material needed for 144 braces 
according to dimensions in the following drawing. There is 
a loss of -J in. of stock in cutting off each piece. Calculate the 
weight of the 144 braces if this material weighs .28 lb. per 
cubic inch. 








71 






kiry 

___ 



Detail of s/ofs 


6, What is the weight of 1,500 blanks in. thick as shown 
below? The material in these weighs .22 lb. to the cubic inch. 


TT 

l<VI 

_i. 


7. From the dimensions in the following sketch, determine 
the weight of the concrete in the steps illustrated. 
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,H - ' .ilt u!, if.- tltr miml.M! iif r<ius nf ,.„ nrrpt ■ 
nf fill* V* til.' ilimt ii .. This f,. M |j, 4; is . V" a f °oti ng 
a*-, havijiii; tin i rtttfni ccuhij?.. calculated 



f) * A topper h.ilf sphere J j„, 
of 15 in. Hep'intine its i*i>.’J 11 
cubit: inch. 


tlm k has an outside diameter 
>1 ''tipper \vci, u |) S .32 lb. per 


Id. \\ lint is ihe 
wiRlil of 25 [ir.i'.s 

castings as per the 
drawing in the ri^lu > 



in tin; ^ollmvinj!* c[r;iwiut;!* 1 ^ ™ illUStrated 
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12, What is the weight of 16 steel V blocks like the one 
illustrated below ? 



13. How many cubic feet of material are there in 2 concrete 
blocks made according to the following dimensions? What is 
the weight of these 2 pieces? 



14. Determine the weight of 8 steel stop pins like the fol¬ 
lowing. 
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Ui. What is the wHyln 
t ' ie following dimensions i* 


of 5 


s,ra I» made according to 



to the acconipanyillg'tirawifiT a,e . t0 !,e made according 

* h ar,mu, «- 'C;U‘rmine their total weight, 




IRREGULAR forms 

l8 Calculate the weight of 16 brass pieces made according 
to the following drawing. 



19 In constructing the following bird bath for a summer 
garden, * of the total weight of the concrete piece » to be 
cement. How many pounds of cement will be needed 

this job? 

12 "h&mi-sphzricaf 
■ bow7 
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24, Determine the number of bricks needed to build a 
foundation wall for a work shed according to the details in the 
following sketch. Four cubic feet are to be subtracted for the 
spaces occupied by the windows and the other openings. 



25. What is the weight of the bronze ring shown in the 
sketch? The 4-^-in. hole extends through the center of the ring. 




L 


■'■I'M 

r 


V v -—^ 1 

HIP 

vy jl 


in 

gUM 

-- 7 




26. How many bricks are needed to build a cistern which is 
open at the top and whose outside dimensions are 8 ft. wide, 
8 ft. long, and 5 ft. high? The inside dimensions are 6 ft. wide, 
6 ft. long, and 4 ft. deep. Draw a complete plan of the cistern. 
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made as 


P fi r tlte 



. At tlu ‘ ra "‘ “ f t,f I'''Mini what is the cost of jn • 

! ra « ,n « !i l" il..- fullnwini; drawing n T 

hole (*Moti<l> thrnii,:li the i •I'-fijiy. ^ The 1-in, 


„ / 

- n: *' 



" f) /. Dtttwrmiiu* the of 48 stir 

fipt'rififations in the sketch. 


Itict-cs made as per die 
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30 . How many tons of 
earth must be removed in 
excavating for a cellar 5 ft. 
deep according to the plan 
iB the sketch to the right? 
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- 10 - 0 - 


31. What is the approxi¬ 
mate weight of a granite key¬ 
stone cut to the dimensions 
to the left? Granite weighs 
approximately 166 lb. to the 
cubic foot. 


32. Calculate the weight of 10 brass castings made according 
to the measurements in the drawing below. 


C 3 ?. 
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33. I)c*twiniiM* 
following sketch.* 
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wciijhl, of Iln> Kiwi cover shown in i|i e 



ANSWERS TO PROBLEMS 

PaUrs 27(1 ami 271. 


1. 472} cu. ft.; 40.824 ru. in.; 
.052 cu. yd.; 1.07 cu. ft.; 
9331.2 cu. in. 

2. 864 cu. Ft.. 

3. 30 cu. ft, 

4. .258 lb. 


5. 12.05 1b, 

6. 40} min. 

7. 405.2 lb. 

8. .020 lb. 

9. 2j| cu, yd. 
10. 15 min. 


Panes 276 la 270. 

1* 10 loads (approx.) 

2. 3} ft. 

3. 79.5 K al. 

4. $12. 

5 . 4,800 k « 1 . 

6. 1.145 lb. 

7. 14 cu. yd. 

8. 54682 11). 

9 . 8.96 lb. 

10 . 265.065 lb. 

11 . 51.54 1b. 

12 . 3-J ft. 

13 . .917 cu. yd. 

14 . 56.58 lb. 

15 . 30,6 8 gal, 

* Answers 


16. 2.-100 lb. 

17. 6.87 lb. 

18. 18,720 bricks. 

19. 314.16 lb. 

20. 18 loads; 48,6 tons, 

21. 1.0561b. 

22. 100.(18 lb. 

23. 7,020 bricks. 

24. 560 lb. 

25. 2,588 lb. 

26. $26.14, 

27 . $4.38. 

28 . 118.8 tons. 

29. 117.8 gal. 

30. 47.5 lb. 


to these problems will he , m 205 . 




IRREGULAR FORMS 
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Pages 283 to 294. 

1 47.19 1b. 

2 55.23 lb. 

3 ! 6.77 lb. 

4 , 56-jr in.; 2.15 lb. 
5 37.8 lb.; 

34.5 lb. 

6 . 32.05 lb. 

7. 1,575 lb. 

8 . 3 $ tons. 

9. 27.34 lb. 

10. 144.11 lb. 

11 . 26.6 lb. 


12 . 

24.15 lb. 

23 . 

85.77 lb. 

13 . 

16.77 cu. ft.; 

24 . 

2,106 bricks. 


2515.3 lb. 

25 . 

7.38 lb. 

14 . 

2.62 lb. 

26 . 

3,432 bricks. 

15 . 

24.49 lb. 

27 . 

73 lb. 

16 . 

9.88 lb. 

28 . 

$3.28 

17 . 

50.3 lb. 

29 . 

122.64 lb. 

18 . 

19 lb. 

30 . 

95 tons. 

19 . 

38.96 lb. 

31 . 

202.9 lb. 

20 . 

936 bricks. 

32 . 

12 lb. 

21 . 

219.9 lb. 

33 . 

21.9 lb. 

22 . 

190 lb. 




Review Problems Involving Regular and Irregular Shapes 

1 . A hollow aluminum ball measuring 8 in. outside diam¬ 
eter is -2- in. thick. Calculate its weight. 

2. From the following drawing determine the weight of 
45 brass castings made according to the given measurements. 



3. The following lumber is piled away to season. Because 
of the unseasoned condition of this lumber it is estima e 
as being 10 % heavier than the weight of dry lumber as usua y 
given. According to this what is the approximate weig 
this lumber? 

24 white pine boards U in. X 10 in. X 12 ft. long. 

30 hemlock boards 2 in. X 6 in. X 10 ft ong. 

18 spruce boards 4 in. X 8 in. X 10 ft. long. 



596 .. APPL ® mathema* 

'}. I !»• .111 fhn kn- .. of ,, ,,, 

,s 4 «». »himn hmi? it., ,,,• T j » ff tT . , 6 wide 

row irU' i„ thi, ,.ij c . 


T T “■ wine 

H,m ' many to nso( 


•V A i vlimlti,., j! wriijiiiis* 24 ||> 


measures 18 

wifli fiil that wriih., *;> m,'ij " n ", Is mi1 
, , '* n '« n '. I *' 1 wlial is, i|u» 

tank and ml * 


• ,. .u 11 j 

r'.- M ^ «»f„ u , thi ; 


' "'eight of He 

(n I'rum the <liiiti‘ii>-imi>< in , I,,- ,, 

mim. .!„■ <>f 15 , as, im„ , lampim, detc " 



circuit 'TT™ !t was nm « J tlmt the water in a 6-ft 

this rain w " '‘T "T 8 in * Th, ‘ llat (il ‘ roof from which 

From h! I 0 '', CtCd t0 Uu! nst( ‘ rn measures 18 by 32 ft 

rainfall nm- tdcu,lte ^ K * approximate number of inches of 
raimail per square foot, 



IRREGULAR FORMS 

9 What is the weight of the concrete pedestal in the fol¬ 
lowing drawing? 



10. Determine the weight oi 64 ^ that ‘ in j£ 

following sketch. The metal in this weighs .29 lb. per 

inch. 
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Liquid i(i> 


A pPL,ED mathematics 


•if*' IU> ,e|U rd 


knmvi ; I !>’ u'iKan. S ? ^ 

:i,f ‘ »'**Ia1f«l to r.uTi other .i.. f() f n ' . y law and 

-*• ' ,l11 lullowiiijr table' 

4 gills <gi.) imjii.i 1 I pint 

*'*?•<■*( I quai I Ifjt.'i 

Jqu.uts I g.dlo ..-,1m, 231 cu. in 

.'li gallons utju.il 1 b.uiel j 

■SmT. units an- mod iu niraMiring fluids or liquids nf ii 
ktnds. as wutur f.il. p.-ntim, ^ 1 

hu s./es of bar,vis. although made a standard at tb 

err ^ 

K-il on will In- used in Hi,, cah ulations that follow 

Knowinq ,h«, number of rt.bir imhes in ono gallon, the nun- 

7 U \r h - 1,1 ; ,m ' <|lurl found by dividing 

231 1,y 4 ' «** 'Luru an- 4 ,marts to tin- gallon. 8 

This equals: 241 4, or 57J eubir inelies. 

Chan inMion nilS ° f ^ Denomineiion t0 Unils of Another Denom- 

lo change units of ono de•nominalinn to units of another 
; i,n ' trci,,n ‘ is ,muh th “ -same as that followed 

" f KalI ° ,,S in Ldvun lot of barrels may be 
numbTof u " , “ l ‘ ,, * lyinK ,hr mmill( ' 1 ' t)f barrels by the 
the rnirn r* U ! ViWh 1,am ' L (,n tll(; «lher hand, to find 

de ° "'T th( ‘ a ! in a given number of gallons, 

in one barnd' 1 ^ ° ^ alIuns ' s divided by the number of gallons 

the fimn-r! tllC nnn'bvr of quarts in a given number of gallons, 
4 o,, u 'b u s< "ting the number of gallons is multiplied by 
cie me 4 quarts in one gallon. Also, to determine the 
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umber of gallons in a given number of quarts, the given num¬ 
ber of quarts is divided by 4. 

To find the number of pints in a certain number of quarts, 
the figure representing the number of quarts is multiplied by 
2 as there are 2 pints in one quart. If it is desired to find the 
number of quarts in a given number of pints, that number is 

divided by 2. ..... 

To illustrate this method of changing units of one denomi¬ 
nation into units of another denomination, the following 
examples are here worked out in detail. 

Example 1: 

How many quarts of oil in a 50-gal. barrel which is three- 
fourths full? 

Solution and Explanation: 

This problem is solved by first finding how many gallons 
there are in the barrel when three-fourths full. This amount 
is then changed to quarts. 

Since there are 50 gallons in this barrel when it is full then 
three fourths of a barrel equals, } X 50, or 37^" gallons. 

Then 37i gallons changed to its equivalent number of quarts 

becomes; 

37J X 4, or 150 quarts. 

That is, there are 150 quarts of oil in the above 50-gallon 
barrel when it is three-fourths full. 

Example 2: 

During a period of 6 weeks there were collected in the drip 
pans under the oil barrels in a shop supply room, 34^ quarts 
of oil. How many gallons does this amount equal? 

Solution and Explanation: 

Since there are 4 quarts in one gallon, then^in 34J quarts 
there are as many gallons as 4 is contained in 34 2 . This equa s. 

34 J- -f- 4, or 8§- gallons. 

That is, 8£ gallons of oil were collected in the drip pans. 
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Problems Relating to Liquid Measure 

1. ftmv m.Hiv cubic he, arc there in one 31J- ga |. b 

2 . How many quails m' liitM-rd oil ran h l; tmt 
cylintlrn a! tank 15 in, in diameter and 2l> i n . high? ^ 

When it one-half full, what is flu* weight , , 
the tank,•* MU of the oil in 

One gallon of linseed oil is listed as \vt i K hin K 7.84 | bl 

.5. Two hoys each carrying a bucket holding in-.,, 
are assigned the jolt of tilling the tank shown below^ 
many bucketfuls ate t.-quited to completely fill this JJ 
How many gallon'' rloes this equal? 


/ ~6 i'/vwyj r/e 



4'O-jn.vJc. 


■ A cylindrical lank IK in. in diameter, 30 in. high, and 
open at the top is three fourths Idled with turpentine, The 
tank alone weighs 32 lb, If the turpentine weighs 7,26 lb, per 

gallon, what is the combined weight of the tank and the 
turpentine? 

fi. A cylindrical can used in a paint shop for linseed oil 
measures 18 in, in diameter and 24 in. high. To determine the 
amount, of oil there was in the can a workman put a yardstick 
roug i the small opening in the top until ihe end of the stick 
touched the; bottom. Upon withdrawing Lite stick, the oil 
mark showed that: there was oil up It, the 15-in. mark. From 
us cetermine the number of quarts of oil in the cun. 
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5 What is the capacity in gallons of the tank used in con- 
action with domestic water heating, as shown below? This 
'tank measures 12 in. in diameter and is 5 ft. high. 



7. A cylindrical bucket measures IS in. in diameter, and 
is 20 in. deep. How many quarts will it hold? 

g. Due to leakage and evaporation, llj qt. of gasoline 
are lost from a 50-gal. barrel. At IW per gallon, what does this 
loss equal? 

9 . What is the number of standard barrels capacity of a 
cylindrical tank which measures 6 ft. in diameter and 82 ft- 
high? 

10. How deep must the tinsmith make a cylindrical bucket, 
if the diameter is to be 10 in. and it is to hold 18 qt. w en 
completely filled? 

11. From a tank of oil, 5 ft. long, 3 ft. wide, and 4 ft. deep 
there are withdrawn during a certain period 22 qt. 0 01 ■ 
How many gallons does this equal? How much di tie eve 
of the oil in the tank drop during this time? 
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A Itu. km jh.ii in. -a .(in.*, n in ' , 

-4 us. wide, .md f, if. II, >w ■ 1 ,! n, S l 


l-k fn me.eme J}ii- amtiMni ot lubri< alinir oil in •, i, . 
!“' *« ‘liam.-M-i. a l**n K Mi,k m-uM .l ,,tf j„ indios i, 1 
into thi* lank »h.o,n : h a .. in circular ton 

r* 4 ' k . .. ..~«v 

14. A liny al work in a diop lias the job of fillintr pinthnitl. 

fr 1 :r •* •-* ">»•"»«"2 

1 . ' U> U1 - ‘Allcr iilhrn; 5(1 bottles, hmv manv irallniK, 

withdrawn fnmi tin.- tank;- How much did the level oil 

mud m (In* i.uik drop- 1 * 

15. How many 5 -pirn fans can hr Hind from a container 

is'n ,2 n " ld> " miX " (1 Paint * Adeductionot « 


DRY MEASURE 

Hry rnrasurr is used in rneasurim; commodities, such as 
<010 Kiani, potatoes, beans, apples, and the like. 

, r .‘ ,|a, l l ** n nf 11,0 ,lil, '' IV| " u ">>s "f measure to each other 
ls fxplamed m the followiui; table: 

4 pints (ptj equal 1 quart (qt:.) 

8 quails equal 1 peek (pk.) 

4 P''<‘ks equal 1 buslml (hu.) 

• ^ dt - ,r Merred to above is fixed by law as contain- 

in h ) . cubic inches. I his differs slightly from the liquid 

cubic inches** 1 ^ 0,1 ,,aK ‘‘ 2<,H ' w,,irh co,,ttlills on| y 57.75 

t Lis,^ the number of cubic: feet in a bushel is calculated 
- s ^- , -. ows ' Cilice there an* 32 quarts in one bushel, then there 
* Answers to I lo*st) problems will In- f.mml on p. lK e . 1 ( 15 , 
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as many cubic inches in 32 quarts as 32 X 6/.2, which 
^ Is 2150.4 cu. in. This amount divided by 1,728 gives the 
number of cubic feet in a bushel. This equals: 

2150.4 -r 1728 = 1.244, or about If 


That is, in one bushel there are approximately If cubic feet. 

This measurement is sufficiently accurate to use in the 
problems which follow. 

Aside from the daily uses to which these units are put, the 
measure of the capacities in either cubic inches, or cubic feet, 
is of great value in estimating, and in calculations relating to 
construction work. For example, in the building of a bin to 
hold a given number of bushels of corn, the measure of a bushel 
in cubic feet would aid in calculating the size of the bin and 
the amount of material to be used in the construction of this 

bin. 

In reducing amounts from higher to lower denominations 
or from lower to higher denominations, the process is carne 
out in dry measure the same as has already been explained in 
liquid measure. Because the explanation of this would be 
muen the same as that already covered, it will not be reviewed 
again at this point. 


Problems Involving Calculations in Dry Measure 

1. How many bushels of apples will a bin hold that measures 
6 ft. wide, 10 ft. deep, and 1\ ft. high, when filled level with 

the top? 

2. A young man who purchased 1 peck of corn noted that 

the grain dealer measured out the amount in a quart measure. 
He was rather surprised when, upon arriving home, he checked 
the purchase with his own quart measure an ou n , 

grain dealer had used a liquid quart measure. How muen 

was he short? 

3. If a bushel of oats weighs 32 lb., how many tons of oats 
can be stored in a bin that measures 25 X X 
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•1. A lm- h*A <4 .mtlu.niti- coal weighs on an average 7oib 
If pnrrhu-ed in such *|U,ustiti*--v from a sired peddler'at50( 
jut Ini.hel, how mm li money does a person lose in buyin 
from lime to time in this manner the equivalent of a ton o[ 
2,11110 III., if 1 hi ■ .‘•.line etui sells al $12.50 per ton when p ut . 
chaw'd in ton lots? 

5. I hie to faulty construction, 112 quarts of oats "leaked 
out" of a large stma-gc bin during a period of 8 weeks and 
were destroyed, tlf how many bushels is this the equivalent! 

(). In laying out a vegetable cellar, a man builds a storage 
hill 2 ft. high, 5 ft. wide, and HI ft. hupp Four feet from the 
short end there is erected a vertical partition, level with the 
top. lhaw the plan of such a construction. How many 
bushels will each division of t his bin hold when filled level 
with the top? 

7. How many tons of anthracite coal will a bin hold, 8It. 
wide, 10 ft. Ionia and 4 ft. high, when filled level with the top, 
it being estimated that 1 cubic foot, of this coal weighs 56lb.1 

8. Railroad box cat s mea-airing M) X K.J X 8 ft. inside, 
tire, used in shipping vclmat from an inland city to a grain ele¬ 
vator preparatory to shipping it abroad. If these cars art 
only half filled in shipping, how many will it take for an export 
shipment of 25,500 bushels? What is the weight of such a 
shipment if wheal weighs 00 lb. per bushel? 

9. Ari ttsh can measures 25 in. high and is 18 in, in diameter. 
How many bushels will this can hold? 

10. A sheet-metal worker has the job of constructing a 
cylindrical can that is to hold exactly one bushel. The only 
other specification given is that the. can should be 15 in, in 
diameter. How deep should he make this can? 

11. A peanut vendor who sells peanuts at the street comet 
buys them in half bushel bags. He then measures them inti 
pint bags ready for sale. Out of a purchase of lj- bushels hoi 
many pint, bags is he able to obtain? 
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12 A young man helping in a grocery store has the job of 

„ ' lin „ up" quart: measures of beans in paper bags. The 

P manager gives him a box containing 2 bushels and starts 

fV the iob. How manv quart bags is the boy able to 
him on me juu. - 

"put up” from these. 2 bushels.-' 

13. How many bushels 

will the bin to the. right hold 

when fi»cd level with the 
top? 

14 , The curved side of a 
cylindrical can that is to 
measure 15 in. high is to be 
made by rolling up a piece 
of sheet metal 15 in. wide 
and 5 ft. 1 in. long. When this is rolled up into its curved shape 
an allowance of 1 in. is to be made for the lap seam. When 
the can is completely finished how many pecks will it hold? 

IS How many bushels will a circular bin hold that measures 
6 i f t in diameter and 20 in. deep, when the contents is level 
with the top of the bin?* 



ANSWERS TO PROBLEMS 


Pages 300 to 302. 

1. 4.21 cu. ft. 

2. 61.19 qt.; 59.43 lb. 

3. 35.9 buckets; 89.77 gal. 

4. 211,9 lb. 

5. 66.1 qt. 

6. 29.38 gal. 

7. 61.2 qt. 

8. 46f*. 


9. 57.07 bbl. 

10. 13.23 in. deep. 

11. 561 Ral.; 6.02 in. drop. 
12 24.68 qt.; 104.73 gal. 

13. 171.36 qt. 

14. 6-1 gal.; 1.67-in. drop. 

15. 228 half pints. 


Pages 303 to 305. 

1. 120 bu. 

2. lg qt. 

3. 19-J- tons. 

4. $1.79. 

5. 3i bu. 


6 . 32 bu.; 48 bu. 

7. 8.96 tons. 

8. 26 cars; 765 tons. 

9. 3 bu. (approx.) 

10. 12.17 in. deep. 


11. 96 bags. 

12. 64 bags. 

13. 40 bu. • 

14. 2 bu. (approx.) 

15. 44.4 bu. 


’Answers to iIichc problems will be found on this page. 
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Review Problems involvins Calculations in Liquid and Dry M 

1. Ilnw many gallons in IS quarts? How inniv . 

«allnnw? Hmv many quart-, c.f vinegar j u a | 7 ® ! n . 7 i 

•il-i gallons of vinegar? How many quarts of beans i" 
containing 11 Inishi-H of hr,ms? na “ 0!i 


2. I h'termiue dm equivalent number of gallons of nainH 
two carious each contninim>, 24 pint cans. " 


*• In , ordlT tci I ,n,vl(1, ‘ f '"' <>>•• hl«.r;i K c of 24 bushels of n ota 
foes in his cellar, a gioeer lays off on the cellar floor asna* 
4 ft. wide and 4J ft. long on which to construct a potatob 
low hi K h should he Imild this bin in order to have the potato 
he level with the top? 


4. It is desired to eonsiruct a metal tank to hold IS gallons 
I his tank, however, must he 15 in, deep. If 21 in, is selected 
as the length, how wide should the tank he? 

5. The storage bin in the following plan is 21 ft. high. How 
many bushels will it hold? 



-. 

O" ■ -- 



P/an of 


7 

0 

.1 

Q 

*1 

■Storage. 3m 

M 

_L 







- 4‘-O n - 



-^ '.,Q. _ 




. ' ^ c l e >‘k in a grocery store has the job of filling paper bags 
l V ' Vi i°i- ne r>0C ^ Potatoes. How many of these paper bags can 
u i fiom 4 large bags of potatoes each containing 1-J bushels? 



307 


PRy MEASURE 

7 A young man who i.s planning to construct a coal bin 
i 'enough to hold 6 tons of anthracite coal, begins the task 
t laving out in a convenient place on the cellar door, a space 
l ■ 7 ft long and 6 ft. wide. It is his plan to have the coal 
on the top so that the sides will extend up just even 
1 1 . th e top of the coal in the bin. How high should the sides 
rthis bin extend? In his efforts to obtain information that 
“id aid him in working out this problem the young man 
finds that when 1 ton of anthracite is stored in this manner it 
takes up approximately 35 cubic feet. Upon this basis how 
high should this bin extend? 




SHOP FORMULAS 

Cutting speeds; R.P.M.; 
Belting; Screw Threads; Tap 
Drills; Bolts and Screws; 
Gear and Sprocket Drives; 
Tapers; Taper T u r n i n 3 ■ 




Sho p Formulas and Their Uses 


Workmen in various trades are often called upon to do 
calculations that involve the use of what is known as a shop 
formula. 

A shop formula is really a mathematical statement of a rule 
in which letters, symbols, or figures are used either separately 
or in combination with each other. Such formulas are used in 
the solution of problems by substituting for these letters or 
symbols their equivalent numerical values. 

While there is a wide variety of formulas only the more 
elementary ones as applied to shopwork will be referred to 
in this text. The following is an example of such a formula. 

C = 3.1416 D 

This is called the formula hr finding the circumference of a 
circle. Expressed in words it means that the length of the cir¬ 
cumference equals 3.1416 multiplied by the diameter. The 
circumference is expressed by the letter C, and the diameter by 
the letter D. 

Sometimes the decimal 3.1416 is expressed by the symbol it, 
pronounced pi. By using this symbol instead of 3.1416, the 
formula becomes changed to C — %D, and is read circum¬ 
ference equals pi times the diameter." More simply it is re¬ 
ferred to as, pi D. 

How this formula is applied is illustrated as follows. 

Example 1: 

If the diameter of a pulley is 8 in. what is its circumference? 

Solution and Explanation: 

C = 3.14161?. . 

Substituting the numerical value of D in this formu a, 

C = 3.1416 X 8, or 25.1328. 

Ill 
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mu is the rin iimfi'i.’iirc «,f 8-in. I)U || <;y is ,,, 
nr slightly nion* than .’5; in. " ■ l >>28m,, 

tViliK <liis miii,- formula, the <h.<tv;r!rr of a cirri* 

Ik- found v.lint in- n,. mnlnmr,. shown. This is aH**?* 
by dividing fin* ,i„„mlnr. t „- |, v A141o. *^ lned 

hxpn-SM-d as a s!n<p fnsmul.i this t-tjuals, 

1 1 ; .1.1410, 111 P f which Tna.r I , 

,1.1410' IUUl ma y also be 

expressed as 


/> (' : r., nr p : 1 

An application of (his formula is seen in the following 

Example 2; 

What is tin- outside diameter of a brass pipe that mea SUres 
■ \ 'ft- around its circumference? 


Solution and Explanation! 

J> “ V , 1 . 1416 . 

Substituting the- numerical values of (' in this formula, 

Jd — ( ) 4 ,1.141(1, or ‘t., ,> ; .vino, which in turn reduces to 

D s: it).? j,|. 

That is, the outside diameter "f tin- pipe that measures 
in. around the rircuinfereme i-, .1.10,1 in, 

Noth: In using shop formulas, it is sufficient to carry the 
envision to the second decimal place, unless the calculation 
involves very close accuracy, as in machine work or tooimaking, 
n such ruses at least three decimal [daces should he used, 
tlie. dimension deals with a machine grinding operation it 
W |?. bt“ advisable to carry (In* division to the fourth decimal 
p ace. Measuring instruments common to machine shops and 
oo looms may be used accurately for such close dimensions, 

SURFACE SPEEDS AND CUTTING SPEEDS 

The above formula is also used in calculating surface speeds 
o . pulleys, and cult in i; s/u'etis of lathe tools, circular saws, 
grinding wheels, and such revolving culling tools. 
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Such speed is usually expressed in feet per minute. It equals 
the distance inject, through which a point on the circumference 
moves in one minute. This distance is equal to the length 
of th e circumference in feet multiplied by the number of revolu¬ 
tions made per minute. 

Using the letter S to represent surface speed in feet per min¬ 
ute, and “R.P.M.” to represent revolutions per minute, this 
may be expressed in the following shop formula. 

S = Circumference in feet x R.P.M., or, 

3.1416 X Diameter in feet X R.P.M. 

Since the diameter is usually given in inches, the quantity 
"3.1416 X Diameter” may be changed to its equivalent in 
feet by dividing it by 12. By representing the diameter in 

inches by D, this change becomes, —-~~—> which in turn 

reduces to .2618 D. 

For convenience, this decimal form representing the circum¬ 
ference in feet will be used in problems that follow. 

As a result of this change the above formula will then read, 

5' = .2618 D x R.P.M. 

When this speed relates to the speed of a saw, or a revolving 
cutting tool, or to stock that revolves against a cutting tool, 
as in the case of a piece of metal, or a piece of wood being 
turned in a lathe, the speed becomes a cutting speed. In other 
such cases, as belt speeds, or revolving pulleys, it becomes 
surface speed. 

This formula may be used in such problems as the following. 

Example 1 : 

A 14-in. saw, as used on a variety saw in a woodworking 
shop, is listed as having 1800 R.P.M. At this rate what is its 
cutting speed? 

Solution and Explanation: 

The formula to be used in determining this cutting speed is, 


A = .2618 X D X R.P.M. 
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In fin-[ti/iMnu 14 i-'jji.i! • /<. ,uul lMin ( , f|Ua i r. p .. 

N-.I.^funn, value- in ,bi-, 

■ S ' •*'* ■ 11 ' wliirli reduces I0 6S9I. 

h " ■' •'“"»« .. . •* MW fetpernikt 

, Tlli ' ‘' a,l13, ‘ ful '' I»'*v l.f n V,\ in rinfli,,., (I„. n;„ , 

"««h«A \vlirii thn Stuf.x c S,„,«l <m d t |„. tj„ v , J ” [ " 

Minufe. at- known. On R ,,,!„ L^uL * 

f-V .if,IS linn*.' tin* »r\,i„„ , per lWllR S 

z;:v:^z ,!h ■ nt!, ‘ ia 

i> s 

•i<, is k.i'.M, 

Tim fnlhnvin-. illustiat,, i„. w ,hi, formula may be used, 

Example 2: 

\vbat is lit,. fiMnU'.m Ml li,„. shah pulley which lias, 
k.P.i'l r’' 1 ’' ‘ f " ' ! "' 1 Uli " 1 "" wl1 ''" runninu at 5M 


Solution flnd Explanation: 

In litis pmhleni .V i'i|ii.ik 125<l. .uni R.P.M, equals 500. 

U ,h "'»tiUK 1 ... in i| U . al„,v,. formula the diamelei 

(‘CIUulH, 


I) r- - 1 *■* w , . , . 

,2olS 500 * "111 Iurn reduces to 9.54. 

that is, the diaim-ter of tin- above pulley is 9,54 in. 

In like manner lids rule may also he used in calculating the 
Revolutions per .Minute when the Surface Speed and the 

• 1 ‘“” l ; l s t ‘ r 1 uu ' lu ' s ;ln ‘ known. In (his case, the surface speed 
is divided by, . 261 X times (lie diameier, 

Usuim letters to represent these quantities the formula lor 
Revolutions per Mimue equals: 


R.l’.M. 


S 

.26IX /) 



SPEED formulas 

The following is a typical application of this formula. 


Example 3; 

Determine the R.P.M. of a 12-in. pulley that has a surface 
speed of 1050 feet per minute. 

Solution and Explanation: 

In this problem S equals 1050, while D equals 12. 

By using these figures in the above formula, the R.P.M. 

becomes: 

cpH __——, which reduces to 334, approximately. 

K.F.M. - <261 g x 12' 

That is, the R.P.M. of the above pulley is 334. 


Problems Involving the Formula of the Circle 

1. A 12-in. circular saw as used in a cabinet shop is referred 
to as having a cutting speed of “a mile a minute.” At this 


rate how many revolu¬ 
tions per minute does 
this saw make? 

2. The workman in 
the picture to the right 
has the task of mak¬ 
ing a can 15 in. in diam¬ 
eter and is wondering if 
he has cut the piece of 
galvanized iron sheet 
long enough. If he were 
allowed 1§ in. for lapping 
at the seam, how long 
should this piece of 
metal be? 

3. What is the sur¬ 
face speed of a 10-in. 
pulley that makes 300 



R.P.M.? 
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■i. A in inilim; m, lit cl IS in. in 
of .1,2011 fret |icr minute. How 
doCH tlli.S equal:' 


diameter has a c 
in.uiy revolutions 


UUinR; speed 
per minute 


5. A piece of 
lathe at the rate 
cutting speed t 


1 1 j a*.-. 4 
of 1211 


la. Ill diameter is bein K turned in a 
revolutions jier minute. What is the 


6. Ill checking 
was found to turn 
speed at this rate? 


,h " lfl ' i,u >o iiuiitm wheel i„ the picture it 
a< H2.S H.l'.M. What would be its 


cutting 



7. A countershaft jiulley 10 in. in diameter runs at 320 
R.I ,M. What is the surface speed of this pulley? 

3, Calculate the eulliiijg speed of a swiiitf saw 14 in. in 
diameter that makes 1000 revolutions per minute. 
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9. The piece of metal in the engine lathe in the accom¬ 
panying picture is being turned at the rate of 80 R.P.M. 
After the machinist calipers the diameter and finds that it 
measures 2 in., he decides to check the cutting speed. What do 
you figure the cutting speed to be? 



10. A 6-in. cutter on a single spindle shaping machine, such 
as is used in cabinet shops, is checked as running at 3600 
R.P.M. What is its cutting speed? 

11. In order to obtain a cutting speed of 40 ft. per minute 
with a 2£-in. milling cutter, what should be its R.P.M.? 

12. A young man visiting a lumber mill is quite surprised 
to learn of the high speeds at which sortie of the machines are 
run. He is told that a 36-in. band saw is listed at 1080 R.P.M. 
At this rate what would be the cutting speed of this band saw? 

13. Compare the rim speeds of two pulleys, one 12 in. in 
diameter, the other 20 in. in diameter, running on the same 
shaft at 180 R.P.M. 





10. At a tipindlc speed of S5U R.I'.M. what is the cutting 
spml in feet per minute of the piece of wood 4 in. in diameter 
that is beinn turned in the wood lathe shown in the picture? 


applied mathematics 

11. The effective cut- 
, l "Hi diameter of ttl( . 
I'l.ules „„ the surfacing 
the picture 
l<| I he left is 44 in, This 
machine is listed asmak 
'"kAIODR.p.m. Accord- 
in >t to this what is i ts 
•tutting speed? 

IS - A Krindstone 3 ft. 
in diameter is listed as 
having a surface speed of 
■!5(t ft. per minute. What 
is tlie equivalent number 
Of K.l’.M,? 
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SPEED FORMULAS 

17 A 10-in. grinding wheel which has a surface speed of 
4200 ft. per minute has become worn to 9-in. diameter. What 
bits cutting speed at this reduced diameter? What is the per 
cent reduction in speed? 

18 In turning a round wooden stool seat in a wood lathe 
that has a spindle speed of 480 R.P.M. what would be the 
cutting speed when it becomes turned down to 14 in. in 
diameter? 

19. In order to meet certain requirements it is necessary 
that the surface speed of a pulley should be 1200 ft. per minute, 
also that it should run at 320 R.P.M. In order to meet these 
requirements what should be the diameter of the pulley? 

20. The 30-in. band saw in the accompanying picture is 
listed as having 900 revolutions per minute. What is the cut¬ 
ting speed that corresponds to this rating? 



21. With the allowable cutting speed of 75 ft. per minute, 
what is the R.P.M. of a piece of steel 3| in. in diameter 
is being turned in an engine lathe? 


320 

22. Wht'ii the diameter of (] ]r > 
has become reduced to 2 in. v f,at 
tin* saint* R.I’.M.? 


APPLIED MATHEMAlla 


pie.c in t| le 
will he tl u . c 


:ib °ve problem 

uttl «e speed at 


23. Calculate the licit 
the shafting illustrated. 


speeds of the 


pull,,yB ; * s ranged on 



24 A wooden eylituler 8 in. in diameter is being turned to. 
smaller size m a wood-turning lathe running at 900 R,PM 
What is the cutting speed wlnm this block is ft in. in diameter? 

25. What should lie (he diameter of a pulley < m a motor 
niakmu 1/50 R.P.M. where the required surface* speed is 2150 
ft. per minute? 

ni “ai «»i r K ! ;“M l "‘ 

. 2 . 7, If th e allowable culling speed of a piece of steel 3in. 
m diameter is 85 ft. per minute what should be its equivalent 

28. How large will be the.diameter of a hoop made by bend¬ 
ing into circular shape a strip of galvanized band iron that 
measures 42 in. long? An allowance of 1* in. is to be made 
tor a riveted joint. 

29. Calculate the surface speed of a pulley 18 in. in diameter 
that runs at: 150 R.p.M. 
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30. At what R.P.M. should a piece of steel 1-Jin. in diameter 
be turned in an engine in order to meet the recommended cut¬ 
ting speed of 90 ft. per minute? 

31. An 18-in. polishing wheel as used in a novelty manufac¬ 
turing shop has a speed of 4(H) R.P.M. From this determine 
its polishing speed in feet per minute. 

32. In order to have an allowable cutting speed of 45 ft. 
per minute, how many revolutions per minute should the 
f-in. drill make in the drill press shown in the picture? 



33. An 8-in. pulley is the only one available to use on a 
motor making 1200 R.P.M. If the required surface speed of the 
pulley that is to be used on this motor is to be 1950 ft. per 
minute, to what diameter must this 8-in. pulley be reduced 
in order to meet this requirement? 






352 APPLIEC > mathemaks 

M ‘ A ‘vliiHrr whir!) .U,, l|If t „ j , . . 

mtMMnr - A] in. in diannet.',. If d,1e cutt ; a f hc 

(his ii.il i, ir. .itimu up f, m ; ^ Speedfor 

revolution., |« t h.,„h! f his , makc , ? ‘ ° W ^ 

The •‘huh Imhsnn poli-him: illustrated in u, 

| 1ir,U!, ‘ W, ‘ lt V ,,, " m - inv U "> diameter and were ra l d 
Il.n UK; a ,mfan* speed of -15110 f(. ,„. r minute. What are ll 
wufa.r speeds after th.-v have wMill down as shown? 



A(). If the allowable rutting speed of a 12-in. grinding wheel 
used a, a machine simp is specilied as 6,000 ft, per minute,what 
should be the corresponding R.P.M,?* 

PULLEVS CONNECTED BY BELTS 

Among other simple shop calculations that a workman is 

t,a . <:c u P°u to make are tJiose relating to pulleys that are 
driven by belts. 

♦Answers In (hew; pmlilcm.s will he fmuul <m pane XV), 
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FORMULAS for belt drives 

In the following illustration of the “open" type of belt 
drive, both the driving pulley and the driven pulley rotate in 
the same direction as indicated. 


Driver or Driving Puling Driven Puling 



In the "cross" type of belt: drive as illustrated below, the 
driven pulley rotates in the opposite direction to the driver. 


Driver or Driving Pulley Driven Pulley 



The diameter of the driving pulley in each type is usually 
indicated by the capital letter “D”) while the diameter of the 
driven pulley is indicated by the small letter “d.” Also, the 
revolutions per minute of the driving pulley are indicated by 
the capital letters "R.P.M.”; and those of the driven pulley 
by the small letters "r.p.m." 



'M!J* r 

13s*"-** 

pullt. 

,n» i 


aie tiw 

-mie, ! 

1 

■*11- } 4> i' 

pi i d 

of ‘lie d 

; 3 v 

puller . 

Hi*, m 

of tin 

* i i 

dil t<.5) Si 

tie- f. 

'How it,;; 


f tdb-v 

Sit! S'. 

If! Ns l( i 

d , 
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That is, the 

m.* pulley.*.,,,/* ,,lat (,f the driven 

l‘i.* itv. w.- in.iy •■xpri-ss such aeon. 

]u ’!»Siirfarc Speed of l) rl , ■ 
SinSarr ... ,n fhivro fuller. or using t1 8 

.-M.ievMli.o.N n v <■: .* ,„ U n. K above 

, | h -“ if r of the driving pulley were 

> n.laph.,! In. the mnnh,, ,.| .evolutions i, makes per miZ 

’;r ’"'“‘"V ?h ' 1 ' I-y multiplying tk 

'In'ell pull, > I<y im 1 evolutions per mhie. 

IV ‘ ,m ' d I'miiuil.i, any one of the 4 items 1 )\ 

“•'•'J . ,Ii " .. . ltaorn ^| ^ 

flu* idhei three air known. 

hnr example, the diameter ,.| (he driver /> may he. calculated 
hv mill I ijtly'iut' the tliirm ler of tlie th iveii pulley hy its revolt 
tinua per miiniie, ami I lien dividing I his anmunt hy tlic* revolu 
h«ue. pei minute at .he dm,*,. Kxpte.-sed as a shop formula 

?JM‘* 1 MM niiiih-,; 


iP /) ,l * 1 •l , ii‘- 

k.f.M. 

This In. inula is applied in sneh problems as the following. 
Example 1; 

A small pulley is needed on a molar running al 1750R.P.M, 
to drive a 20-in. pulley on a jurk shaft lhat runs at 350 r.p.m, 
^ hat sir.e pulley must in* used on the motor? 


Solution and Explanation; 

In this problem the diameter of the driven pulley d is 20 in., 
while its r.p.m. is 35(1. 1 lie R.I’.M. of the driving pulley!) 

equals 1750. 

I sing these values in the above formula for the diaxneterof 
tin* dt i\er /), this works out as follows, 

,, <1 *' r.p.m. 


20 x 350 
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That is, the diameter of the motor pulley should be 4 in. 

The revolutions made per minute by the driving pulley are 
found by multiplying the diameter of the driven pulley by its 
revolutions per minute, and then dividing this amount by the 
diameter of the driver. 

Expressed as a shop formula this becomes: 

(2) R.P.M. = d X r D P - m - 

This formula is applied as follows. 

Example 2: 

What is the R.P.M. of a 15-in. pulley that drives a 6-in. 
pulley at 450 r.p.m.? 

Solution and Explanation: 

In this case d = 6 in.; r.p.m. = 450; D = 15 in. 

Using these in the above formula, the revolutions of the 
driver equal 

R.P.M. - LXJ&ZL , = 180 


That is, the R.P.M. of the driving pulley is 180. 


In the same manner the diameter of the driven pulley may 
be found by multiplying the diameter of the driver by its 
revolutions per minute, and then dividing this amount by 
the revolutions per minute of the driven pulley. This is 
expressed in the following shop formula: 



D X R.P.M. 
r.p.m. 


The following shows an application of the above formula. 


Example 3: 

What is the diameter of the pulley on a jack shaft running 
at 240 r.p.m. and driven by a 6-in. pulley which runs at 600 
R.P.M.? 
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Solution and Explanation; 

h. rt,12,.i.p.m. 240 ; P fi R. P . M s ^ 

I f?I»”'<• v.ilnr;. in the above formula die V 

f lit’ (it tv cii jHiilm iM'.Mii-.E-s: ’' 1 e dlame ter of 

11 ■ K.t’Al. ft / 6(10 

' p.m. .MO 


./ 


15. 


... ... ******** 

I" ,VVnlu,iM " s l»w minute by the driven 

puH'-y. . tnuhtp'y lJt , di-.m,of the driving pulley bv 

" " hd 7 r r ,uh! ,|u,u divide thi aiLmt 

I \ tin (h.tiurtri nf tli»‘ (jt'ivpn pulh*y* 

1* v|ui 1 *. .p(| ii i ,t ;-hu]i formula; 


n 


R.P.M. 


('H i.p.m. 

I'n.blmn, like the follow i„y ao- solved by usinir this formula 
Example d; 

If a li-iii, |*ulli-v making 25.1 R.P.M. drives an 8-in. pull, 

by means nf ltd, ) imv . m.my .evolution* per minute does tl, 
K-m. pulley make,'' 

Solution and Explanation; 

In Ibis problem /> .. l.» i,,.: R.p.M. ■, 250; d = 8 in. 
l^iip; these figures in (he above formula: 

i.p.m. n -' UI ’ M - . t ^ X 2S0 _ 

tl 8 a' 0 ' 

Ihat is, (he revolutions of the 8-in. pulley would be 371 
per minute. 


Problems Involving the Application of the Formulas on Belt Drive 

. ^ I nid,, y " ' n - bi rlianieler is driven by a pulley 10 in, 

m diameter wliirli turns :i ( 250 R.I'.M, What is the r.p.m. 
"I I he driven pulley; 1 
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FORMULAS for belt drives 

2 J t J g desired to reduce the revolutions of a jack shaft to 
n p jy[. What size pulley must be used if this jack shaft 

is driven by a 5-in. pulley making 720 R.P.M.? 

3 In the belt drive on the 4-spindle drill press in the ac- 
mpanying picture it is necessary that the driven pulley A 

C ° le 1125 R.P.M. This pulley measures 8-in. in diameter and 
f^be driven from a pulley on the motor which turns at 
1750 R.P-M. What size pulley must be used on the motor? 



4 An 8-in. pulley on a motor running: at 8™ revolutions 
per minute drives a 24-in. pulley. What are the revolutions per 
minute of the driven pulley? 

5. If it is desired to obtain a speed of 400 r.p.m. on the 
driven pulley in the above problem, what size pulley should 

be used? 

6. With each revolution of pulley A on the jig saw m the 
picture on page 328 one complete cutting stroke is made. 



358 APPUE 0 mathematics 

Tin- pulley on the motor makes 1120 K.pjj and is 1' 
iljiimi'ttT. Tlw* ... whirl. .to"bi i s att.Wj 

a.......ll„w m.,„y I,cutting st ,ok K " 

minute are made an ording {.< this setup? p 



7. What are tile revolutions per minute of a driving shaft 
using a 12-in, pulley which in turn drives a 20-in. pulley at 210 
revolutions per minute? 

8, What size pulley must; he used on a motor running at 
1500 R.P.M. iu order to drive a 15-in. pulley at 480 r.p.m,? 

0, What is the R.P.M. of the O-in, pulley as driven by the 
16-in. pulley in the following setup? 



S25P.P.M. 
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formulas for belt drives 

10, On the filing machine in tin; accompanying picture one 
filing stroke is made each linn; pulley A makes one revolu¬ 
tion, The pulley on tin; motor is 1 \ in. in diameter and makes 
1750 R.P.M. Pulley A measures 0.J in. in diameter. IIow 
many filing strokes does this machine make per minute? 



11. A driven pulley 4 in. in diameter has a speed of 1800 
r.p.m. What is the diameter of its driving pulley which turns 
at 450 R.P.M.? 

12. Calculate the diameter of a pulley necessary to obtain 
168 r.p.m, when connected with a 12-in. pulley making 280 
R.P.M. ? 

13. Determine the revolutions per minute of a 7J-in. pulley 
which is driven Tty a 10-in. pulley running at 285 revolutions 
per minute. 
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U, Wh.it 'T/r pulley i, um-<1 on tin* motor in thu following? 

330 r.p.m. 




IS. On tile same shalt 

with the 15g-in. pulley 
aluivti is ;i 12-in. pulley 
which in turn drives an 
K-in. pulley, What arc 
tin* revolutions per min¬ 
ute of this 8-in. pulley? 


16. The capacity of 
the power stitcher in 
the picture to the left is 
indicated Try the num¬ 
ber of wire staples itcan 
stitch in one minute, 
Kui‘h time the largei 
pulley makes one revo- 
lutiou the machine 
makes one stitch. On 
this particular machine 
the small driving pulley 
is 2 in. in diameter and 
makes 1140 R.P.M,The 
larger pulley measures 
10 in. in diameter. How many stitches is (his machine capable 
of making in one minute? 
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BELTING 

17 , A 16-in. pulley lias a surface speed of 840 ft. per minute. 
It is driven by a 7-in. pulley. What is the R.P.M. of each 
pulley?* 

BELTING 

Length of Open-Style Belt 

In calculating the. length of belt required for open pulley 
drives the following formula may he used. It gives approximate 
measurements and serves for general practical purposes, es¬ 
pecially where there is not a wide difference in the sizes of the 
diameters. 



Referring to the above sketch, the length of the open belt 
is seen to be equal to one half the circumference of pulley No. 1, 
plus one half the circumference of pulley No. 2, plus twice the 
distance between the centers of the pulleys. 

Using: D for the diameter of pulley No, 1, expressed in inches; 
d for the diameter of pulley No. 2, expressed in inches; 
L for the length between centers, expressed in inches; 
the above rule may be readily expressed in the following shop 
formula: 

3.1416 D , 3.1416 d , „ r 
- 2 -- + 2L 


Changing this to simpler form it equals: 


3.1416 

2 


(D -f- d) + 2 L, or, 


_ 1.5708 (D + d) + 2L 

‘Answers to these problems wilt be found on page 339. 
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Example Is 

two pulley., due 18 in. in Hi.under, 
diameter me HI fj. between c.-nios amt ; 
liidt. What i:-, tlic length nf the, lu ll? 


• llu: other 20 in. itl 
"' 1 ‘ drivei > hy an open 


Sofulion and Explanation: 


I lie diameter nf I lie I,true pulley 1) equals 20 in. 
t lie diameter id the small pulley il equals 18 in. 

The length beivu-en rentes equals H) f,. This changed to 

inehesequals 10 , 12. or 120 in. The length /, then becomes 
120 ni. 


As the first step in umih; such formulas, the values of D, j 
and A, should he substituted for these let 1 <t«. With these 
changes (lie result then heroines: 

Length of open limit 1,5708 (2(1 j 18) f 2 X 120, 

As tin* next step, the quantity within the parentheses ( ) 
should lie simplified. This changes 1.5708 (20 -(- 18) to 1 5708 
X 88, or 5').6004 j„. 

This gives the length of the open belt as 50.0004 + 240 or 
200.6004 in. 

By changing 200.6004 in. to its equivalent in feet, there 
results: 


200.6004 -4- 12, or 24.0742 ft. 


Reducing to inches tilt; decimal portion of a foot .9742, this 
equals .9742 X 12, or 11.6004 in. This is approximately Ilf in, 
This results in making the total length of open belt required 
in this problem as, 24 feet - UJ inches. 

In calculating the length of a crossed belt like that in the 
sketch on page 3,32, the previous formula becomes changed 
s ightly tn provide for the increased length of belt needed for 
this style of drive. 
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BELTING 

While there are several formulas for the length of crossed 
belts the following is among the more simple ones and is suf¬ 
ficiently accurate for ordinary purposes. Instead of the num¬ 



ber 3.1416, as used in the previous formula, the number 
31 or 3 25, is used. This gives as a result the following new 

formula. 


3 25 4-2 L, which in turn reduces to 

1.625 {D + d) +2 L 


How this formula is used is shown in the following problem. 


Example 2: 

Determine the length of crossed belt needed in connecting 
two pulleys that measure 12 in. in diameter and 14 in. in diam¬ 
eter and whose centers lie 18 ft, apart. 


olution and Explanation: 

In this problem D equals 14; d equals 12, and the distance 
letween centers L expressed in inches equals X. , or 
By substituting these values in the formula, it becomes; 

Length of crossed belt — 1.625 (14 + ) , 

Following the same plan as in the previous problem,' 
bracketed expression, 1.625 (14 + 12), becomes changed to 
1,625 X 26, which equals 42.25 in. , 

In turn 2 X I, or 2 X 216, becomes 432 in. 
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Adding 1 wo amounts together the Icno-H, i 

42.25 in. I 442 in., or 474.25 in. Re«Iu C ,d 
30.5208 feat. C thls equals 

By changing the decimal portion .5208 feet to inrl,. a 
K.M.I 1 S .52MH • I2.„, (,..>.VW.i„., "'l.i.'ii is approximately jjlT 
II..- »vn. II..- m-m.II as .« „J irl . (|K , ' *» 
the crossed licit irquued. 


Length of Belt in Coil 

Should it In* necessary to 
determine the mtmlier of fee) 
of belling in a mil, as in the 
sketch to the right, the fol¬ 
lowing shop formula is used. 

Referring to the sketch, 

A T - - number of la[is in coil 

/) ; outsirle diameter of 
coil in inches 

d ■- inside diameter of 
coil, or hole, in inches. 

lisiutf these as symbols, 
the formula for the length 



a 


a roiled belt in feet equals, 


4.1416 


(/> I d) 
24 


X N. 


mi - (/) -I //) 

Ihc quantity ^ etjuals one half the sum of the 

diameters reduced to feet. 1 Expressed in lowest terms, this 
formula becomes: 


Length of belt in coil » ,131 (/-> + d) x N. 

I his is applied as follows: 

Example 3: 

A toil of belt measures 15 in. outside diameter, The hole, 
or inside diameter is 5 in. There are 20 laps in the coil. How 
many feet of belting in (bis coil? 
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elution ind Explanation: 

Length of belt in cnil = .131 (/) -f- d) X N. 

In the problem D 13; d ~~ 5; iV — 20. 

Substituting these values in the above* formula the length 
„[ belt in the coil equals, 

131 (15 + 5) X 20, or .131 X 20 X 20, which equals 52.4 ft. 
Reduced to inches, tin; decimal portion .4 ft. is approxi¬ 
mately 4f in. 

The length in feet and inches of the belt in the above coil 
then becomes equal to 52 ft. 4« in. 

Problems Involving the Calculation of Belt Lengths 

1, In the following drawing calculate the length of belt 
needed for each drive. 



2. What is the approximate length of belting needed to 
connect two open drive pulleys, 20 in. in diameter and 24 in. 
in diameter, the centers of which are ll-J ft. apart? 

3. Determine the length of belt in a coil that measures 
19 in. outside diameter and 7 in. inside diameter with 20 laps. 

4. Calculate the approximate length of belt needed in 
connecting the pulleys in the following drawing. 



8'~ O- 



336 

•T \\ hat is flu- approximate 
following set up? 


applied mathematics 

It,,,Kth of l *'t needed i n * 



6. Two pulleys measuring 28 in. and 32 in. in diameter 
,L!? a ft - 0,1 n ; n,t ' ls '. If r rossed-lielt. drive worn used on 
1 * , pi ‘' C ’ y -S determine (lie approximate length of belt 

»«!! zr n """ ' vw " us "'‘' '» H 


7. In checking over the shop inventory, -1 rolls of belting 
are listed as follows. 'Hie apprentice doing this checking is 
asked to calculate the length of each roll. What is the length 
of each roll? b 


One roll has 0 laps and measures 8 in. outside diameter and 
3.) tn. inside diameter, 

I he second roll lias 12 laps and measures 12J in. outside and 
5 in. inside. 

The third roll has 10 laps and measures 14 in. outside and 
8 in. inside. 

'I he foui (h mil has 24 laps and measures 10J in. outside and 
o in. inside. 
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8. Two pulleys 14 ft. on centers arc connected by a crossed 
belt. One pulley measures 24 in. in diameter and the other 
measures 22 in. What is the approximate length of the belt- 
required ? 

9, Determine the approximate length of belting needed 
for the following arrangement of pulleys. 



10. A coil of belting that measures 14| in. outside diameter 
and 5in. inside diameter has 15 laps. Calculate the length 
of this belt, 


11. What is the approximate length of belt required for 
each of the following pulley drives? 



12. Should it be decided to use 2 crossed-belt drives in the 
above arrangement instead, what would be the approximate 
length of belt required? 




APPLIED 


U. Reft*irim; in (In- above drawiiiK, it. is found necessary 
to disconnect llu* motor for this setup. Thu 18-in. pulley is 
(liun driven l.y ;t em.-ed hull from a 12-in. pulley on a jack 
shaft (hat, is ft, rcnlrr distance from it. Make a rough 
sketch of litis ehamp-d rnndiiinn and show the center distance 
with tin- new air.uiyrmmil of tin- 18-in. pulley and the 124 
pulley. Determine the length of Im-Ii needed for each drive 
What is the appmximale lene.lh of the erossed belt required 
in making' this change.-' 

14. Determine the approximate length of belting needed 
for each of the drives in the following setup of a shoptvork 
bench.* 


,rrx<\ 


ft "O.a. 




jJ' Dia. 


*A"hvvith to tlicHc problems will Iw found on page .IV). 








belting 
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Pages 3IS to 322. 

1, 1680.7. 

2, 48f in. approx. 

3 , 785.4 f.p.m. 

4, 679.1 r.p.m. 

5, 125.7 f.p.m. 

6, 4712.4 f.p.m. 

7, 837.8 f.p.m. 

8, 5864.3 f.p.m. 

9, 41.9 f.p.m. 

10, 5654.9 f.p.m. 

11, 61.1 r.p.m. 

12, 10178.8 f.p.m. 

13, 565.5 f.p.m.; 942.5 f.p.m. 

14, 3534.3 f.p.m. 

15, 47,9 r.p.m. 

16, 575.96 f.p.m. 

17, 3780 f.p.m.; 10%. 

18, 1759.3 f.p.m. 


19. 14.3 in. dia. 

20. 7068.6 f.p.m. 

21. 81.85 f.p.m. 

22. 42.86 f.p.m. 

23. 471.2 f.p.m.; 706.9 f.p.m. 

24. 1413.7 f.p.m. 

25. 4.69 in. dia. 

26. 5654.9 f.p.m. 

27. 108.2 r.p.m. 

28. 12.9 in. dia. 

29. 706.9 f.p.m. 

30. 196.3 r.p.m. 

31. 1885 f.p.m. 

32. 229.2 r.p.m. 

33. 6.21 in. dia. 

34. 91.7 r.p.m. 

35. 2250 f.p.m.; 3750 f.p.m. 

36. 1909.9 r.p.m. 


Pages 326 to 331. 

1, 500 r.p.m. 

2, 11 j in. dia. 

3, 5.143 in. dia. 

4, 290 r.p.m. 

5, 17.4 in. dia. 

6, 320 strokes. 


7, 350 r.p.m. 

8, 4.8 in. dia. 

9, 400 r.p.m. 

10. 336.5 strokes. 

11 . 16 in. dia. 

12. 20 in. dia. 


13. 380 r.p.m. 

14. 4 in. dia. 

15. 480 r.p.m. 

16. 228 stitches. 

17. 200.5 r.p.m.; 

458.4 r.p.m. 


Pages 335 to 33H. 

1. 18 ft. 41 in.; 15 ft. 6J- in. 

2. 28 ft. 9£ in. 

3. 68 ft. la in. 

4. 18 ft. 107/ in. 

5. 20 ft. 1--} in. 

6. 45 ft. 1/ in.; 44 ft. 10£- in. 

7. 13 ft. 6f in.; 27 ft. 6J in,; 28 ft. 9|- in.; 80 ft. 2 in. 

8. 34 ft. 2J in. 

9. 18 ft. 1J- in.; 21 ft. 10J in. 

10. 39 ft, 3* in. 

11. 20 ft. 4-1 in.; 21 ft. 7-Jin. 

12. 20 ft. 51 in.; 21 ft. in. , . „„ . , . 

13. 12 ft. 10J in.; 9 ft. 10J in.; 16 ft. 4| in.; 23 ft. j in. 

14. 12 ft. lj in,; 14 ft. 6 in. 



340 


APPLIED MATHEMATICS 


Review Problems on Pulleys, Surface Speeds, and Belt !*„ ,, 

»■ A meam,,',** 2> in illd 5lh! 

" »*'»•'*•“ I'OUU'.M. Wh.it isi„ (•.min^spec. d? met0 ' 

*'■ Wh ' 1 ’ »- <»'"! i" (lit* fn||nwin M setup? 



r 14 " ■■ 



276 R.P.M , 


V" Nt,ut ’ sh ‘ iU with ,h - l pulley in the above 
P'-’Mrm, is an IS-i.i, pulley. What is tlu; surface speed ol 

• Ids IH-ill. pulley •* 


4. (ilrul.i(r‘ i In* ruftini: sjhmmI 
Mill«*y )0 in. in diameter mi ;m 

U.I’.M. 


used in turning a cast-iron 
fiiyim* lathe which runs at 
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What is the length of leather belting in the following 
II One roll measures 12 in. outside diameter and 3 in. 

■ idediameter and has 16 laps; the other roll measures 15 in. 
’outside diameter and 4 in. inside diameter and has 20 laps. 

j A notation on a blueprint specifies that when drilling 
in hole indicated the cutting speed of the drill should be 
!o ft. per minute. At this rate what should be the R.P.M. of 

the drill? 

8, Calculate the length of the belt needed to connect the 
pulleys in the following drawing. 



9. Determine the length of a roll of belting that measures 
4i in. inside diameter and 165 in. outside diameter and has 

24 laps. 

SCREW THREADS 

One of the everyday jobs in a machine shop is that of cutting 
screw threads on a lathe. These threads have definite pro 
portions which may be calculated by the use of simple shop 
formulas. 
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■ ’ 1 1'.g 

■ Sri, '' v ■ ln ‘ 11 -u.tllv !<*f( trod (n h v t | le 

' h;< '“I P'' r inrh - i( '" ft,r *"'-«* 11 11 1 1 1 •, X I lire; ids p( . r l ~,° f 

in,,,,HS th '“ f,,r of Uu, S(T( . W t . ‘ n, ' s 

1 h " !nu ,h '■»’ ?!,f ' ' s «!>•■ l. UKtli of the "shall! 

.a uu.I,uh tin- lmad of the sm , w . nk 

ihesket.h no Ml. ds shown in 

1 lu ’ "f <me thread to the ton nf ,, 

ncxfthi c.ul im aliril .1,,. -pi.. I,." This iH ,lot,,-mined by d ^ e 

|»U * in. by iIn- nmnlii, ,.f tine,ids jut j|| ( .| K 

Impressed as a siniji formula tins becomes: 

1 

'. pr.-.-n. s pii.'li, and “n" the number of 




clieie 


"A 


threads jut itirh. 


Should it he desired tu liurl the mimher of threads per inch 
wln*n the pitch only is known, 1 his formula becomes: 

Number nf threads per inch, or « = ~ 

, p 

I hew* formulas are um,| as follows. 


Example 1: 

What IS the pitch of the thread mi a holt having 8 threads per 
inch.* 1 


Solution and Explanation: 

Since the piuh equals 1 in. divided by the number of threads 
per inch, or ^ , then in (Ids case it would lie equal to 1 + 8, 
or J, or .125, 

1 his indicates (hat on a bolt having 8 threads to the inch, 
the pitch is J in., or 0.125 in. 

Example 2: 

Ilcnv many threads per inch on a screw having a pitch of 
.0625 in.? 

Solution and Explanation: 

Number of threads per inch equals 1 -t- p, which is, 
1 -t- .0625, or 16. 
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That is, there are 16 threads per inch on a screw having a 
pitch of .0625 in. 

V Among the more common forms of screw threads are the 
sharp "V” thread, the American National form of thread, and 
the "square" thread. 



A mar/can 

Sharp V thr&aa National thread Square, thread 


The sharp “V” thread is usually cut on smaller screws. 
This thread has a sharp top and a sharp bottom as shown 
below. 


Pitch 



Outline of sharp V thread 


The bottom of the “V" is frequently called the “root” of 
the thread. The depth of the sharp "V" thread is found by 
multiplying the pitch by .866; or, by dividing .866 by t e num 
her of threads per inch. 

Expressed as shop formulas these rules become. 

II = p X .866; where "It" is the depth of the sharp "V" 
thread, and " p ” is the pitch; or 

II = : . 866 | where equals number of threads per inch. 
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The American National fmni of 
"ninnvf," nr t»ullim* as | In- sharp 
has a Hat tup and u tl.it bottom, 
rNcs a ,st mnsjrr (hii'.iil than the 


has the ^ e 
' thu - acl - except that it 
as illustrated below Thl= 
V thread. ' hlS 


r>, *, 


*1 Y‘a P'^h 



Outline i't ,‘hr>i 'r,\~f/n , Vaf/onat thread 


Hu* Hal on the top. also on tin: bottom, is J- of the pitch, 
or „ />. 

Hindi llal U'tiintf of tin* top and the bottom makes the depth 
loss than that: of the sharp "V" thread. It is .6495 times * 
as shown on the above drawing. 

The shop formula used in this ealeulatiou is: 

Depth of American National thread « h - p x .6495 
l itch X . 6495 , or when expressed in terms of the number ol 
threads to the inch it becomes: 

, tilUS 
ii 

n 



Outline, of Square thread 
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Of the heavier, or coarser, threads, the square thread is 
quite common. This thread gets its name from the shape of 
the outline of the thread as illustrated on page 344. 

The square-shaped groove and the square-shaped thread 
each have a width equal to one half of the pitch. The depth 
is also estimated as one half of the pitch, although practical 
use requires that this depth be slightly greater than this 
amount. 

For ordinary calculations the following is acceptable. 


Depth of square thread = 


How the above formulas on the depth of threads are applied 
is illustrated in the following problems. 


Example 3: 

Determine how deep a cut must be taken in cutting a sharp 
“V" type thread, 10 to the inch, on a special brass bolt. 


Solution and Explanation: 

Formula for depth of “V" thread, H = 

n 

Applied to this problem it works out as, , or .0866. 

That is, the depth of the above “V” thread is 0.0866 in., 
or 0.087 in. 


Example 4: 

If it were decided to cut an American National screw thread 
10 to the inch, what would be the depth of the thread? 

Solution and Explanation; 

.6495 

The depth of American National thread is h = ——— 

Using this formula the depth of the above thread becomes, 
or .06495 in. which equals 0.065 in. when carried to 
3 decimal places. 
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Example 5: 

If tin- pitch of a sharp 
(['■pill ol flit-- thread? 


“V" thread is 0.125 in. 


what is tlie 


Solution and Explanation: 

The depth of "V" threads in terms of the pitch equals 
II * p y * 1 


As vised in this problem it equals. ,U(,6 x .125, or ,10825 
Ih.it is, (lie depth of this thtead equals 0 10821 
n.lUH in. A m ' °r 


Example 6: 

Ibnv deep a rut must be taken in cutting an American 
National thread on a bob having a pitch of 0.20 in.? 

Solution and Explanation; 

The depth of Ametiean National threads equals h - „ 
X .0405. ’ “ p 

As applied to this problem it works out: as follows; 

.d(l X . 0105 , ,,r .1200 

That is, the depth of this thread is 0.1200 in., or 0,130 in 
Example 7; 

A square threaded st rew on a bench vise has 4 threads to the 
inch. What is its pitch? 


Solution and Explanation; 

The formula for the pitch of a square thread is, Pitch =-• 
Using this in the above problem the pitch equals; 


Example 8; 


i, or 0.250 in. 


What is the depth of cut. required in making the above 
square thread? 


Solution and Explanation; 

ihe formula for the depth of a square thread is, 
Depth 



347 


SCREW THREADS 

The depth of the cut required in making the foregoing square 
thread therefore is: 

• 250 

—-—, or 0.125 in. 

When a thread is cut on a screw, or on a bolt, as shown in 
the following sketch, the distance between the roots of the 
Lhread across the shank, is called the minor diameter of the 
thread. 



This minor diameter is determined by subtracting from the 
major diameter, twice the depth of the thread. Expressed as 
a shop formula this becomes: 

K = D - (2 X IT). 

For the sharp “V” thread this would equal: 



= D - (2 X p X .866). 

For American National threads this would become: 



= D - (2 X p X .6495) 
For the square thread this would be: 

IC = D - or, 
n 

= D - p 
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I"" r ,1 "‘ 'I'-Pih "t tin- thread ..f anv .screw is „r,. 
as fhe ,/,’/*//> r ,f d„. fi, n . il( ] ‘ ’ often referred 

I lie f-iamlai'ii form m tin- Am.-ricaii Nation-,l ,t. ,. 

ally usci by niai hint-.tool mamifa, t urers and , readls fDie r . 
iiiaiiiif.il tilli-ts. by au tomobil e 

I Inwever, till- Society „f Aim, nil, bile K lljr j nceN 
has adopted for mm,mobile UM , a pil | thr , ' ,E ')> 

Mini' cli.ini. il, Min', Tltis mens ,1,.. , dclf °rthe 

have more threads pe, in, 1, .n.'.-«-hin^ 
chamelet, ’ 01 the same 

furlncrly n-fi-m'if'm'ar« 1-'S.AJc' ^ 

Hu,. It in now known as tin- Ametiean National fine-tine d 
M j wrii's. Ilu- roars,•, pitch threads, commonly used o! 
"’I ” U N '"■u'l.m,- sni-us, and threaded parts in industry 
anti winch were formerly r.-f.-it.-d to as the U.S.S. are nov 

designated as fin* American National mar.se-t bread (NC) series 
of screw threads. ' ‘ ™ s 

method of ealetilaliiii; ti.read si/.es and proportions in 
1 M’t'irs of screw threads is (he same. 

i hr loll,m ini; fable ilhtsitates the variations in the number 
of threads per melt of these two standards. 


Pin. ,i/ 

Thrt'ui\ 

j-rr ;ij, i, 

Strew 

SC 

XF 

! iii. 

2(1 

28 

i 4 < in. 

IK 

2-1 

t ill. 

Hi 

2t 

i’f i'l- 
-1 in. 

1-1 

2u 

D 

20 

u ill. 

, D 

IK 


/'I, i. ttf 

jj \rrrw 

I. Threads per inch 

NC 

NT 

i in. 

It 

18 

! !"• 

It 

16 

in. 

to 

16 

b '< in. 

0 

14 

1 in. 

8 

14 


he older terms "Outside Diameter" and “Root Diameter," 
also have been changed. They are now known as the “Major 
Diameter" iUU ’ "^imir Diameter," respectively. 
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Dimensional Symbols for Use in Formulas 
Problems Illustrating the Use of the Above Formulas for Double 
Depth, and Diameters of Threads 

Example 1: 

The American National coarsc-thread series standard on a 
l».in. bolt is 5 threads per inch. What is the double depth of 
this thread, also the minor diameter? 


Solution and Explanation: 

„ .6495 

Double depth = 2 X —— 

Applied to this case the double depth equals: 

.6495 „ zri e 
2 X —j—> or .2598. 

This gives the double depth of the above thread as .2598 in. 
The minor diameter (K) = major diameter (D) - 


(’ X *?) 


As applied to the above problem this equals: 

.6495 \ 


K= 1:} in. 


(2 X -Ip), = 1.4902 


The minor diameter of this bolt therefore equals 1.490 in 


Example 2: 

Determine the minor diameter of a 1-in. bolt with a V 
type thread having a pitch of 0.125 in. 


Solution and Explanation: 

Minor diameter K = D - (2 X p X ... 8(S6 ^ 

In this case the minor diameter equals, 1 - (2 X X .»oo; 

which reduces to .7835. 

That is, the minor diameter of this bolt equals 0.7835 in., 
or 0.784 in. 


Example 3: 

What is the minor diameter of a square threaded screw av- 
ing 4 threads per inch and measuring 1* in. m diameter. 
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APPLIED mathematics 


Minn, diameter (AT nf square thread « » _ 6 
In the- prnhlem lire (.nlulinn l.emmes, IJ - i 0 .‘ lt 
Tl.-it i% the mimu diameter nf (he ai.uvc screw is P ■ 


Problem* on Screw-Thread Calculations 

X*. r*.| 


^ Nani: (Thread diitren .ime. M reh as 1 

10 NI\ ate used tn imli. ate that ihre itk d or 

National form are treed. Tit.- III NC mean's mlhi"!?™ 3 " 
meh nf the ..d-mare.- thread series and lr/wr^ per 

10 threads per meh „f the natiunal fim-thread sc.^ 

1. 1 leterniine the piteh n| the threads mm •. i- . 
havmg U American National form threads per inch.^ ^ 

of ° f U 16 NC KCrCw with that 

■1. t aleulate the depth nf thread as cut. on a 12 NC screw, 

„ ( 4 ; f1 "- I’'!' 11 ' i ' 1 "" «!»■ depth, nf a square thread 

11 in. in'diant.'rerl" ' ml '‘ " f Ht ' H ‘ k that measures 

A After nming threads n„ the end nf the knob in the 
fnlUMUKsketeh, what will lie tire minor diameter of the screw 



6. Is tin 
holt having 
holt with 8 
square inch 


' ,<1 ^“y ditferenee in the minor diameters of a 1-in, 
fl V threads per inch, and the same diameter 

C, threads per inch? What is the difference in 
area r* 
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7 Determine the depth of cut made in cutting 10 “V” 

ne threads to the inch on a screw measuring \ in, in diameter. 
tyr c 

8 What is the minor diameter of the screw in the above 
problem? 

9 In order to cut l\ square threads to the inch, how wide 
roust the point of the lathe tool be that is used in cutting this 

thread? 


10 How far does the tool cut into the stock in forming the 
thread in the above problem? 

11 . How many threads per inch on screws having 0.0625- 
in. pitch; 0.05-in. pitch; and 0.125-in. pitch? 


12 . How deep will the lathe tool cut in making “V” type 
threads of the above proportions? 


13. The screw stem on a valve measures § in. in diameter 
and has 9 square threads per inch. Calculate the pitch, the 
depth of thread, and the minor diameter. 


14 A shaft 2 2 in. in diameter has been set up in a lathe so 
that 4 NC threads to the inch may be cut on one end. How 
deep must this thread be cut? What is the diameter across 

the roots of the thread? 


IS What is the pitch of the thread in the following square- 
head setscrew? What is the depth of this thread? 



pzr inch 


16. To what measurement should the point 
the tool that is used in cutting the above screw 


be ground 
thread? 


on 
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! <,,n ' s ... »•' - in f'-ameit 

') ,f . ; ,l "* h *i»i' 1 In»M(| * \yj M< ■, , hll ‘ ads Pw inch, 

(,f »liis l» ill f ls ,hl ‘ minor diameter 

,S - Wll.il >'• 'll' 1 il' ‘IIIill- (Icp! I, ,,(■ , 

spiiulfp li'tvin^' >1J flircatls ft, tlit*inrjj> ( ; ivi ! ' h " a<I . cut °!>a:2-in, 
1 ,J . < .llnil.iic tin- air.i u <i, , • mmordiameter, 

in K spt-rial liimliny M ,,, w . ' ' lam< ‘ ,w °f the f 0 || 0 „. 



m,i„ K ;1 i..r V Nr’u^V’" lh0 thr0adi ^ too! 

tiiri-aclfd purl inn nf" a‘"’.in ’ ’‘u" vr’. . ,n . in ' ,r . < !iP ,neter » °f the 


r>f tin- minur (linmi-u-, t" " “ t ' s ( MT “' V - What is the area 

_Skw' .«"•"■»'* -Ml,, of. 

.]«• h, ;;;i z'X hm,!,n 01 ** 

14 'Vlhch per inch j&yyhds.per inch 



in t 1s used 

each^casc? Ial f ° rm lhma * lUm ** 'vSlCbS; 
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25. Calculate the pitch, also the double depth, of a 20 NF 
screw. 

26. A "V” thread is to be cut on a special stud f in. in 
diameter. How deep should this cut be made if there are 16 
threads to the inch? 

27. A H-in. pipe has 11J threads to the inch. What is the 
pitch of this thread? 

28. Calculate the pitch of a square thread cut 2§ threads to 
the inch. How deep does the tool cut in making this thread? 

29. Calculate the depth of a "V" thread having rf-in. pitch. 

30. What is the pitch, the depth of the thread, and the root 
diameter of a square threaded screw 1 in. in diameter having 
5 threads to the inch?* 

TAP-DRILL CALCULATIONS 

When it becomes necessary to insert a screw or a bolt into 
a piece of metal, a hole of the proper size is first drilled in the 
metal and this hole is then threaded to suit the screw thread. 
In calculating the size of this hole for a given thread, the 
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,W,„ .. . T, ° ,nk MAUcs 

or thenu >^r 0 f 

,h n ^ a " tttp **" The 

I;; 1 :; 

■" hM,,w ,H *»’* f-V 1 ' ■ i'- v ! 1 h B ,ni r ; or diameter 

f r 

’ 7 ‘ l " I, "' i Mr ^irlnlv |. tr «,T Ilrm'fh, flCCaUSe 0f this 

, M »*- .illy art *•,111-r 1 , u |,.f„r Hi h(1,1,nor diameter, 
Hi “ ..I.Jl/l,,, , ; S ,S ! ,iat the diameter of 

” ! ; i} " r ^Mrr, TK iif tin< , l;rv . /f .^7^ U f a ? ,y GqUal t0th! 

“ f »!'" fhrciwl, ' ,S ' r,f ,h « double depth 

il f«>rniiiKt thj s We)lllfI hu . 

m„. . n (,?5 x 2 x //) 

I I'i'! Sj/t* lit >}[• js .,,,1 . ,, ,, 

itiK'iuf," 1 , " ,ls 75 % of a full 

-ucumted tap . 

" f «, f„. r |„. rtlJU( , s; ’ 11 ‘* lul tl,e number 

.<>7 


" Ilir ll nulm-o.s in, [) 


• I 1 1 

- (■” ••• 

' h 7 " «* fc Hwkm to 

••••(•”-‘. w ) 


- <T D ~ .97 p, 


I. W'hirli miners to, D - 


n 

‘ir /) - ]j 

1 !";^,*■-» 

thcrtt ; m > in t j u . r i . \ ' ! “ rn r 1 ' nU1R . il<nv maii y full 64ths 

tiplvinpt the (Irn'm'i! i \ '' * b ‘ H is determined by mul- 

whul,. m , u 1 ' V^'r' r; " rUl:ill ' d size «■ ^ 
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This number of 64ths, combined with the original whole 
her if any, in the calculated size, gives the commercial 
tap-drill size to the nearest 64th of an inch, that should be used. 

While some tap-drill manufacturers may vary slightly from 
this, the above rule generally holds true. 

The following problems illustrate how these formulas are 
used. 

Example 1: ... 

What is the calculated size of tap drill needed in making a 
square nut for a lyk in- 7 NC bolt? 


Solution and Explanation: 

The calculated sizes of tap drills for American National form 
.97 


.97 


threads = D — n y/ 

Applied to this problem this becomes, 1* - which 
reduces to 1.3125 - .1385, or 1.174 in. 

To determine the equivalent commercial size drill, the 
decimal portion of this number, 1.174, is multiple y 
This equals .174 X 64, or 11.036. 

>» r -£ " r u 

decimal portion . commercial drill size, there- 

“ by 

drill manufacturers. 


Example 2: . 

,, • ~ Hip tiD drill to be used in tapping a 

Determine the size of the t P . - t l, of 0 10 in. 

hole (or a J-in. "V" threaded stud having a pitch of 0.1U 


Solution and Explanation: 

Calculated tap drill for 
Used in this problem the tap-drill size becomes 
1.3), or .750 - .130, or .620 in. 


“V” threads = D - {P X L3). 

- - (.10 


X 
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Following the procedure in the foregoing problem, the com 
mercial drill size in 64ths is determined by multiplvimr ain 
by 64. This gives .620 X 64, or 39.680. k ' ° 


Disregarding the decimal portion in this, the whole numb 
39 indicates that there are in. in the equivalent commercial 
size of tap drill. Therefore, a -J|-in. tap drill is the one to use 
for this job, and is the size recommended by drill manufacturers 


Example 3: 


In attaching the “bell crank lever” to the shaft as illustrated 
below, what size tap drill should be used for the A-i„ __ 
setscrew? 11 



Solution and Explanation; 

.Using the same formula as in calculating tap-drill sizes for 
the American National threads, the calculated size of tap drill 
for this i-0-in.— 24 NF setscrew would be determined as follows: 

Calculated size of tap drill — D ~ —. 

n 

Applied to this particular problem the size becomes 
s .97 

dr ' 24 . oi' .3125 - .0404 which equals .2721 in, as the 
calculated size. 


, ap .driu calculations 


. ,..„ h „i,,. )H Il.i- W'tulil W found as m the fore- 

*51* -i-i- •*« "i ,4,1,4 -h-h » *» — 
going P'" 1 ' 

equals II in* . t0 use therefore, would be 

T ] ie commercial UP u,, “ 

iS'up-drai sizes for NT ami NK threads, and for the 
ny» type threads. 

3 . The following drawing is a nd tap the 

apprentice with the ^ should he select for 

holes indicated. What but tap 

this work? 
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... . 

1- A < I. imp IS In hr refilled with a t 1 -in -Mr * 

is the e.ileijlaleil size nf ||„. ,. ip A-,,' NC 7 screw, 
.standard si/e drill should he use,I? " ,,Ct;ded? What 

»* th «*^ 

M ” w . 

A ■ sr "' ri;i1 mil is 1,1 he made f„r oi ■ v 

is... ... ,v'r NF4! 

a iJilrttfi! 'T m to 1, , „„ tI „ 

... s wM , ; 1 “u»;r la i " 

f **■** 

.. . - — 



cue oi/a r ki,1K , a r' K ' rial bra ® nUt: fnr a " V " ^ thread as 
thac Zn JcU ?’ ! What is t,U! calculated si/e tap drill 

-SSIS"-'- 1 "'"'-«■* 





TAP-DRILL CALCULATIONS 359 

10. Is the tap drill that is needed for an fg-in.—11 NC 
screw thread larger or smaller than that required for the same 
size "V” shaped thread, having the same number of threads 
to the inch. If there is a difference, what is it? 

11. Calculate the diameter of the tap drill used in tapping 
a hole for a 1-in.—S NC screw. What is the corresponding 
commercial size? 

12 . Cap screws ■jp 0 — in.—18 NC, are to be used in attaching 
a bracket to the pedestal of a grinder. What is the calculated 
size of the tap drill used for these holes? What drill is 
recommended ? 

13. What is the calculated si2e of the tap drill to use for a 
J-in.—9 NC cap screw? 

14. Holes are to be tapped in a casting for four j^-in.—12 NC 
machine screws. What is the calculated size of the tap drill? 
What size is recommended for the job? 

15. A tapped hole for ait -in. “V” threaded screw with 10 
threads per inch is drilled into a brass casting. What is the 
calculated size of the drill to be used? What is the equivalent 
standard size recommended? 

16. Compare the tap drill for a f-in.—18 NF screw with the 
tap drill used for a -J-in.—11 NC screw. 

17. A iVin-—20 NF screw is to be used in attaching a 
support to an automobile transmission housing. Calculate 
the size of the tap drill that should be used for this purpose. 
What is the nearest commercial size in 64ths of an inch? 

18. Compare the calculated tap-drill sizes, also the com¬ 
mercial sizes to the nearest 64th of an inch as used for a a^-in. 
—18 NF setscrew, a ^-in. 12 “V” type setscrew, and a &-in. 
—12 NC setscrew. 

19. In order to keep the small cast-iron pulley that is illus¬ 
trated on page 360 from slipping on its shaft, a slotted setscrew 
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u-rd as shown. Calculate the si/e ,,f tan drill ,1, - • 
f'H- drilling rhis setscrew hr.lt-. What ; s (h(1 ' at 13 needed 
recommended? 1 h( - htind ard size drill 



- ). Ilir following sketch is given a machinist with there 
quasi that hi* tap the holes referred to. Not having a tap. 

J V, ''J'; 11 ' 1 httn( y ll(! ' vas confused as to tire size of drill to 
use. What would you figure it. to he? 
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22 . A f-in.—24 NF screw is to be used in attaching a bracket 
to an automobile frame. What size tap drill in 64ths of an 
inch should be used for the hole into which the screw is to fit? 

23. In the following shop drawing what size tap drill should 
be used in drilling the hole for the screw indicated? 



24. The stud holes in an automobile engine block are to be 
retapped for a |-in.—20 NF stud. What size tap drill, to the 
nearest 64th of an inch, should be used for this purpose? 

25. What size tap drill should be used in making nuts for a 
bolt lj in. in diameter having 7 “V” threads to the inch? 

26. A hole is to be tapped for a f-in. stud having 11 “V” 
threads per inch. What size tap drill is needed for this job? 

27. A work order calls for the installing of a f-in.—16 NF 
plug in an engine base. What size tap drill to the nearest 64th 
of an inch, should be used for this? 

28. Determine the size of the tap drill to the nearest 64th 
of an in ch, that is to be used in making a 1-in.—14 NF nut.* 

’Answers to these problems will be found on page 367. 
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AMERICAN STANDARD BOLTS AND NUTS 

I lie Amencutl Siand,mis Assoi iat ion fi'K neul i* i 
Ns for r,ili ill,ii iny flu- dimensions of | u - 0 ’ ; 3 , 1S J ed for mu- 
l-n Komi nuts llu- regular and flu- heuvv. tK form 
subject tu slight modifications in ord(-rto in-iK,i ulasare 
uvjimshrd, srnup, M< aill] IhIiIswIu^^P^ to 

the regular anil flic, heavy cl,1,4, ‘ <UU uts ln Mi 

For the purposes of this hook, the fnllowimr , 

Mfthee All of them arc has.-d on the diameu-ofthe bS? '1 
ft is referred to in the formulas by the letter /) * 1 bolt| and 
Distance across the tints or parallel sides of b oth hpva 
and st|Uare nuts and bolt heads ■ HD- H y / *’, ex J agon 

sixteenths of an inrh - X r., reduced to 

I ho lliirkni-ss or Ii.-ikIi0 .0»,th Iickwni Ll sqlar/nfc'r 
titlwwl to the nt-aresl sixty-fourth. 

x7f\ CrUW <:0, nt ‘ rS f ° r huX!l K° n 'Hit and bolt heads= 

r 7 1 Ldid x K n' lCr0 ' SS CnnH ' rS for ' Sf l uar( “ nut and boltheads= 

The proportion of both the -hex” and square bolts and n„s 
are shown m the following illustrations. d uts 


l 


o 






LiZ 1 


—< 

_ i 

1-/4 

. Shank 

LH 


f D to sixty-fourths of an inch 
- ■« to nearest .sixty-fourth of a 


an inch. (A . 1,155 IF 



in inch 


Shank 


T 




T 

2 


a /— 


-T-* I 


b mulas for If- r , 2t t T a ante as for hexagon iicad bolt and nut 
except, that: 1.414 X IF, 
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The proportions of both the “hex” nut and the square nut 
are illustrated in the drawing on page 362. 

The following show how these formulas are applied. 

Example 1: 

What size hexagon stock is needed to turn up a "hex” bolt 
with a shank that measures £ in. in diameter? 

Solution and Explanation: 

Distance across the flats, or across the parallel sides of a 
"hex” head bolt = W = If D. 

Where " D " is £ in,, this becomes If x £ = If in. 

That is, the hexagon stock needed in making a £-in. hexagon 
head bolt measures If in. across the flats. 

Example 2: 

In the following drawing determine the diameter of the 
hole into which is sunk the head of the f-in. square head bolt 
as illustrated. 

How deep should this hole be in order that the top of the 
head of the bolt lie flush with the outside surface as shown? 


? 
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Solution and Explanation: 

Th- di.wn.-lr. t.r this hull! should be equal to the H' 

the rumors of (ho square head This is drJ dlSt j ail « 

... 

sd ll; uVh"'d1l , ,! t r% , !r/ l 'rf/r. r • ,, ' mss thv f )ilr;llle ' Sides of, 
Whore "/»" is | in., this heroines 1.} x \ 3 j n ’ 

Distnnro armss the enrn.TH I Hstance across Hat X 1 414 
. , lnH 'y ,,rkH "tn ■'« i X 1.414 -- 1.0005 in. ' 11 

'IhtLt iit, thr diameter nf the lie it o that will in..*. , ■ 

i-uu square head holt in the foregoing problem is lloSSfa 
In obtain the depth of the hole required so that t-h f ‘ . 

>1.0 .Vi,,, , h „ 

1 hit.kit ess nf head // ■) X /)i y l — j r . . a ‘ 
Hu« lt> the nearest sixty-fourth makes fhis c'u^'th .U in 

i,;,:::;:... '<*<*&*« 

Preb ™T&!:'13.^1"°” ° f " H “" 

1. < aleulate the distance aem.ss the parallel sides of a 
hexagonal head hull that is 1 J in. in diameter. 

2 What si/e.stork is needed to turn up square head bolts 
the Shank of which measures ,J in. in diameter? 

Wl ‘ :lt must l " > ,h '' diameter of a hole to be drilled in a 
easting that will just hold the head of a ’-in. hexagon bolt? 

4. Determine the size stock required for the following bolt. 
How thick should the head he? 
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5 . It is desired to sink a iVin. hexagon head bolt below 
the surface of the casting into which it is about to be placed. 
How deep should this hole be drilled in order to have the top 
of the head come just even with the surface of the casting? 

6 . What should be the diameter of the drill that is to be 
used in drilling the hole for the head in the above case? 

7. What size stock is needed in turning up a f-in. hexagon 
head bolt? 

8 . Determine the difference in the measurements across 
the corners of stock used in making f-in. hexagon head bolts 
and f-in. square head bolts. 

9. A shop order calls for one gross each of “hex” head bolts 
of the following diameters: 1 in.; f in.; If in., and A in. 
What size hexagon stock is required in each case? 

10. What size square stock is needed to turn up the bolt 
in the following drawing? What are the missing dimensions 
indicated by the question mark? 


/MM J 

\ 



xliP'l T 

—L 



.*- p __ 



-—?—J 


11. Calculate the approximate distance across the corners 
of square head bolts that measure f in.; f in.; f in., and If in. 
in diameter. 

12. What is the size of the square stock needed to make a 
lf-in. square head bolt? What is the distance across the corners 
of the head of the bolt? 

13. How large in diameter and how deep must be the hole 
that will just contain the head of a -j^-in. square head bolt? 



applied mathematics 


14 


[ nr 


in 


. i'(‘termini 
e fiilltiv, in;; drawing. 


mis'-mi.t Mimensimis that 


HM'iI in drilling the 


hnl, ' S f " r,lu * thrc-adc-cl portion of £ 



15. What are the missing dimensions as questioned on the 
following drawing s' 




1C). Calculate the distance across the parallel sides of a 
square head holt J in. in diameter. What is the head thickness?* 


ANSWERS TO PROBLEMS 

Pafirs J50 to .fid. 

c’ - n ‘ 9. .20 in. 

2. . 625 in.; .1)417 in. 10. .20 in. 

o. .0541 in. tl. 16-20’ 8 

4. .1667 in.; .0835 in. 12. .0541 in.;’.0433in.; .1082in. 

■ kH ,n - 13. .111 in.; .0556 in.; .764 in. 


5. 


X V . HCA* ■ . *AU 111., dMJU ill,; , 

7 riftrr* 541 Rq * ln ' 14 ‘ - 1624 *».; 2.175 in. 


,0866 in. 
,5768 in 


15. .0600 in.; .056 in. 

16. .0114 in. 

'Answers it. llir-e |iii.l)li'iiiti will In; ti.innl ,, aK ,. M>1. 
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17 .0417 in.; 
IS'. .3849 in.; 
19, ,0678 sq. 
2 (L .0179 in. 

21. .0417in.; 

22. .1667 in.; 

23 . .0714 in.; 

24. .0125 in.; 


.2584 in. 25. .05 in.; .0649 in. 

.1.6151 in. 26. .0541 in. 

in. 27. .0869 in. 

28. .40 in.; .20 in. 

.3209in.; .0800sq.in. 29. .0541 in. 

.2165 in. 30. .20 in.; .10 in.; .80 in. 

.3138 in.; .0556 in.; .2162 in. 

.0156 In.; .065 in.; .0812 in. 


Pages 357 to 361, 

1. 1.785 in. 

2. U in- 

3. Ta ln - . 

4. 1.111.4 in.; 1 in. 

5. ,335 in.; fi in. 

6. 2.0344 in.; 2^- in. 

7. 1.002 in.; 1 in. 

8. M in- 

9 . 1.158 in.; 1 in. 

10. Larger; -}-j in. 

11. .879 in.; f in. 

12. .259 in.; ^ in. 

13. .767 in. 

14. .482 in.; |f- in. 

15. ,6825 in.; Ife- in. 


16. 

17. 

18. 


04 . „„ 

.389 in.; ff in. 

,5086in.; ff in,; .4542in. 

ft in.; .4817 in.; in 
,3682 in.; f in. 


19. 

20 . 

21 . 

22 . „* - 

23. A in 

24. ' 

25. 

26. 

27. 

28. 


2J> in 
64 ln - 

.3682 in 
M in. 
1 st i n 
ti in. 


li ill. 
Its ,n - 

in. 
in. 


i 
11 
i r. 

H in 


Pages 364 to 366. 

1. 2f in. 

2. ^ in. 

3. 0.8625 

4. & in-; l in. 

5. | in. 

6. in. approx. 

7. & in- 

8. 0.097 in. 


9. 

14 in.; 

1le in-! 

If in.; 

i in. 

10 . 

1-2 in.; 

li in. 



11. 

Iff in. 

I 1st in- 

; Iff in-; m m 

12 . 

2 ts in- 

: in. 



13. 

f| in.; 

-h in. 

if in. 


14. 

1& in. 

; H m -; 

; 2|f in- 

15. 

ft in.; 

1H in-; 

7jt in- 

16. 

1| in.; 

\ in. 




Review Problems on Screws, Bolts, and Tap-Drill Sizes 

1. Determine the proportions of square nuts for the fol¬ 
lowing size bolts: yo in.; li in.; 1§ in- 

2. What is the pitch, also the depth of thread, for bolts 
having 4f and 5§ U.S. Std. threads per inch? 
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3. Wli.it air tIn* tJip drill 
tlur-,»| J in. i ’■ j (l> 

1 in. S. 
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SIZe.K 
5; ) 


for 

in. 


the 


followi 


iVing "yn 


in m.—12; 


and 


1. A shop (Ir.iwiiK; i 
to tcplnr't* a broken tint* 
l thread,- in t|u> imTi. 
flu- rout diameter .- 1 


in « viw . The screw Is toT 
Wiut is t hi’ depth of this thread, ^ 


z'z^ir . .. .... ■ib.-wft 


A A Aut is tlit* diiferem-e in tin* 
'A'" (bread and a ^-in. 1(1 KV 

would In* uwd for each? 


i""t diameters of a £ in.—io 
t liread ? What size tap drill 


r. W hal should he the diameter of the hole in the following 
Nkenh to take the head of the hexa K on-head bolt shown 
! o v deep should , Ins hole he drilled in order to have the top 
of the head just llu-li with the top of the hole? 



, A iMtcrmiue the minor diameter of a 15 -in. bolt having7 
\ threads per inch. What, size tap drill would be used in 
di illint; a hole for Hindi a bolt? 
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9. What is the diameter of the hole to be drilled to just 
lake the head of the bolt shown in the following drawing? 
If the head of this bolt lies } in. below the level of the top of 
the hole how deep should this hole be drilled? 



10. Determine the proportions of the hexagon-head bolt as 
indicated by the question marks on the following sketch. 



11. Determine the distance across the parallel sides, and 
across the corners of a nut for a ly-in. square-head bolt. 

12. Determine the distance across the parallel sides, and 
across the corners of a nut for a f-in. hexagon-head bolt. 

13. Find the double depth of a “V” thread on a bolt having 
6 threads per inch. 
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GEAR DRIVE 

■ VVh, ' rr l tli " ' 1,ivi,u ' distance Dotwcen cent, 

v,iv nr r>unlit inns du warrant: the use of 1 

.. ... 


it s * „ 



Spur qr-ars 



Ah ilium rated, (hr irrth project nut radially at the rim of 
I H‘ gear, and Hirsh with llit* truth of the other near. This gives 
a very positive drive, with no slippage. When two gears are 
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arranged in this manner they arc frequently referred to as 
"a pair of gears." 

Another kind of gear is the bevel gear as illustrated at the 
bottom of page 370. This style of gear is used where the drive 
shaft is at an angle with the driven shaft. 

In these different arrangements of gears, or gearing, as it is 
sometimes called, the gear that does the driving is known as 
the driving gear, or driver.' The gear that is driven is referred 
to as the driven gear. This is much the same as where pulleys 
are driven by belts, as explained on page 322. 

GEAR-DRIVE CALCULATIONS 

The calculations relating to gear drives are similar to those 
relating to pulley drives. In the case of the pulleys, it was 
found that the diameter of the driving pulley multiplied by 
its R.P.M. was equal to the diameter of the driven pulley 
multiplied by its r.p.m. 

This same rule holds true with gearing, except that in place 
of the diameters, the number of teeth in each gear is con¬ 
sidered. While the revolutions per minute might be used in 
gear-drive calculations, it is sufficient to refer to the number 
of revolutions for any given length of time, or to merely the 
number of turns. This is illustrated in the following problem. 

Example 1: 

If a 24-tooth 
gear drives a 
48-tooth gear as 
shown, how 
many turns of 
the driver are 
necessary to 
make one turn 
of the driven 
gear? 
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Solution and Explanation: 

Sketches of tic,us art* sometimes made like ihn® ai , 

nf ^ «s- 

' V, " ir ‘' th, *y •'»* 1,1 '-""tart with each other This 
however ,S «„t usually followed i„ making .shop drawL' U 
sle.Ml, n„lv broke, circles an- drawn representing the ni l 
nul '*> <•»•’ I***'* >•*•* *«1 the outside of the teeth and,h 0 , 

'* . .",...-.....,.. i» Si, „L" 

hl TOpl where .*5 

111 U S \ J * l J {( J f l try. P Cla 

Referring In the previous drawing as the 24-tooth gear makes 
f . 1 ' turn m ,l "' ‘ hn * ,(l "" Miven. it will engage 24 teeth o„ 
lie duven gear turning it as indicated. Since this is only one 
half (he number of teeth „„ the driven gear, then this driven 
gutt will tutu but half wav around. In order that the driven 
gear may make one complete turn, therefore, it will be neces 
.sary for (he dr hung gear to make two full turns. 

I hese facts as explained above result in the following rule: 
/ hr revolutions «) the ,hiving gear multiplied by its number 
; r 11 ' ,lrr r 'l u, ‘ l 10 ,h >' ’■••volutions of the driven year multiplied 
by its number of teeth. ()r more briefly, this may he expressed as: 
t eeth on the driving year revolutions of driving gear = 
teeth on the driven year ,*; revolutions of driven gear. 

In the above problem this would work nut as follows: 


24 v ■> . 4H x 1 

Representing the number of teeth on the driving gear as T, 
the revolutions of the driving gear as ft, the number of teeth 
tin the driven gear as t, and the number of revolutions of the 
driven gear as r, this rule may be expressed by the following 
formula: 

T x A! t y. r 


Prom this equality any one of the quantities T, R, t or r, 
may bo determined when the three remaining quantities are 
given, this enables one to work out. the following rules which, 
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from observation, may be seen to resemble similar rules in 
pulley-drive calculations. 

Rule 1. The number of teeth on the driving gear may be 
determined by multiplying the number of teeth on the driven 
gear by the number of revolutions it makes, and then dividing 
this product by the revolutions of the driving gear. 

Expressed as a shop formula this becomes: 

& X y 

T = ~ Teeth on the driving gear, or driver. 

This is applied in such problems as the following. 

Example 2: 

Determine the number of teeth on a driving gear which 
revolves 4 times while it turns a 96-tooth gear times. 

Solution: 

„ ty.r 96 X 4 96 X 3 

T = - 1 r = 4 = TxT = 36 

That is, there are 36 teeth on the driving gear. 

Rule 2. The revolutions made by the driving gear may be 
found by multiplying the number of teeth on the driven gear 
by the revolutions of the driven gear, and then dividing that 
product by the number of teeth on the driving gear. 

Expressed as a shop formula, this becomes: 


R = 


l X r 
T 


Revolutions of driving gear, or driver. 


This is used in solving such problems as the following. 


Example 3: 

Calculate the number of revolutions made by a driving gear 
with 60 teeth, while it turns a 24-tooth gear 5 revolutions. 


Solution: 


R = 


t x t 


2 

M X# _ 2 


T 


he 

K 
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r en 


- 40 


‘III 

That is, the driving make. 2 , urilSl while th . 
gear makes a turns. tne drive.. 

Rulr.t. The numlier of teeth on (lri 
determined l.y multiplying the number of ,eeth on T- 1 * 
Kear by the revolutions of the driving , dnvin E 

that ..I |,y the revolutions of the drive,! Jj" d,vldin K 

hxpressed as a shop formula this heroines: 

. r A’ 

r teeth on the driven Rear. 

This is applied in such rases as the following. 

Example At 

How many teeth should there he in a year thm „ 

revolutions while ,he diiving gear makes 2 revolution^!' 
driving gear has 7ft teeth. lile 

Solution: 

, m T >■ A’ 70 >; 2 70 2 2x2 

r A\ ' 

I hat is, the driven gear should have 40 teeth. 

Th '' r-vcluiifus of the driven gear may becal- 
„ J!’ y multiplying the uiimher of teeth on the driving 
gear h> its revolutions ami then dividing that product by the 
number of teeth on (he driven gear. 

Impressed as a shop formula, this I met tines: 

_ T >: H . . 

I i<*voJut ions t jf t|n» <|riv(.*n K’Gcir. 

I Ins is applied in sta ll examples as the following. 

Example 5: 

Jr™* n,Volulions wiU a driven gear of 40 teeth make 
" hllC the dnvi,1 « K™ w ‘(lt 112 teeth makes 5 revolutions? 
Solution? 

14 

_ T y a* Til X S' 4 J 
/ 14 
X 

gear'? ^ ^ dnV ‘‘ n Rt ‘ ur m:,k< ‘ s U revolutions, the driving 
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SIMPLE GEAR TRAINS 

Where the driving takes place through one or more inter¬ 
mediate gears, or through idler gears, like that illustrated 
below, the arrangement is called a simple gear train. This 
type of drive is known as simple gearing. 


Driver 

1 

Driven gear 
\ 

a 

f. 



:,f •/ > 

j' Mi • V- 

", .S' •; 

hN- '■■■ ( .r' 

„ ■ • * V V ' . ■ ,.V ■ 1® '' 

V • :• •• 


One intermediate 
or idler gear . 



From the above sketches it is seen that: 

1. Where one intermediate gear, or one idler gear, is used, 
the driven gear revolves in the same direction as the driver. 
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lu cne 


.... "->*<* £ l * c < 


rear It,on 


4. Where an avn huiiiIht of intermediate .rears as 9 i 
!'■ r '. 1 , "* W '* V «T. >!>'■ dirntwn of rotation of’the final 
u,il fl " 1,11111,1 f* 1 I"' V tn that of the driver. 

Hler arr Used f.„ cither of two reasons. When the 

rime' and tlmvit peats mimm-li, they rotate in opposite di 

l«,TV* , T' Vr >Mth ; U " 1,1 in lh, ‘ sa ™ direction, an 

idler [tlar ed between them, will urmniplish the purpose. 

At times till- .eniei:, of the shafts oil Which the driver and 
dnv.m gears ate fo be mounted. ate.so far apart that unusually 
hupe gems would In* ie.|imed t,, nnmcrt them. To overcome 
i os. mil* or mote idlns may he used between the Rears on the 
shafts, thus solving the funt»l«-rii. 

GEAR-TRAIN CALCULATIONS 


In stmplr year train rah illations involving only the fa 
drtfttu* t;ntr ami the firm/ <iriven pear neither the intermediate 
Rears nor the idler peats enter into the calculations, unless, 
of course, it is desired to know their direction or number of 
[evolutions, Instead, only the/Mu/ driven gear and the first 
drivt,ti> gear art* considered, much the same as though only too 
pears wore concerned, 

lit .sut h cases in order to determine the, number of revolu¬ 
tions that ihv.Jinnl pear makes for one of the driving gear, the 
number of teeth on the driving pear is divided by the number 
of teeth on the final driven pear. In other words, the formulas 
as expressed on [tapes 373 and 374 are to be used for simple 
pear-train <ah uhiltnns. I he method of folding the direction 
of rotation of such pears has already been explained. 

Ilit* following; problem is typical of those involving simple 
peal trains ami illustrates the application of this rule. 
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Example: 

Determine the number of revolutions, also the direction of 
rotation, of the final driven gear for one revolution of the 
driving gear in the following simple gear train. 


Inf~<zr/v<zcJ/a/e gears 



Solution and Explanation: 

The driving gear has 45 teeth and moves clockwise as shown. 
The driven gear has 30 teeth. 

As explained above, the formula to be used in the solution 
of this problem would be: 

T X R 
T = t 

Where, 

T = Number of teeth on driving gear 
t = Number of teeth on final driven gear 
R — Number of revolutions of driving gear 
r = Number of revolutions of final driven gear 
In this problem T = 45; t = 30; R = 1. 

As a result, the revolutions of the final driven gear become: 
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Thai is, the final driven .near makes 1 revolutions while 
the driving gear, or the driver, makes one revolution. 

There being an emi number of intermediate! gears in this 
train, the direction of rotation of the final driven gear will be 
opposite that of the driving gear, or amntnrlnrkmse. 

Problems Relating to Calculations in Simple Gearing 

1. How many teeth are necessary on a gear which must run 

at 126 R.l’.M. when driven by an 84-toolh gear running ar 
30 R.P.M.? b 

2. How many turns will a 64-tooth spur gear make for 8 
turns of a 48-tooth gear that meshes with it? Prove this. 

3. The following setup shows the gear drive on a special 
cutting machine. The small gear makes 120 R.P.M. Each 
time the larger gear makes one revolution one complete cutting 
stroke is made. At this rate how many cutting strokes are 
made per minute? 



4. In two minutes how many revolutions will a 32-tooth 
gear make that drives a 104-tooth gear 14 revolutions in 30 
seconds? 
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5, On the small hand-oper¬ 
ated bench grinder illustrated 
to the right, the small gear is 
fixed to the shaft on which the 
grinding wheel revolves. If the 
large gear, to which the handle 
is fixed, is turned at 10 R.P.M. 
Iiovv many revolutions will the 
grinding wheel make in this 
time? 



6. Calculate the direction and the revolutions of the 
driving gear for 20 turns of the driven gear in the following 
gear train. 
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7. The gearing on a .standard carpenter's hand drill ; g 
arranged as in the following sketrh. If the spindle gear turns 
4.’ times for one turn of the handle, how many teeth are there 
on the larger gear to which the handle is attached? 



8. The ordinary home lawn mower is geared up as follows. 
How many revolutions will the cutting blades make for one 
revolution of the larger gear? It is to be noted in this that 
the smaller gear is a spur gear in which the teeth are on the 
outer rim of the gear and extend nut from the center. On the 
larger gear, however, the teeth are on the inside of the gear and 
extend inward. This latter type of a gear is known as an 
internal gear. 
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9, The following is an illustration of a combination belt 
and gear drive on a small printing press. Each time gear (4) 
revolves one printing impression is made. How many impres¬ 
sions are made per minute on this press under these conditions? 
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10. What, .should lit* the number of Louth on gear (A) in the 
following gear train in order that it make 12 R.P.M.? 



11. In the. differential of a well-known automobile the drive- 
shaft pinion near has 11 teeth. This engages with the rear-axle 
drive gear which in turn has 46 teeth. For each turn of this 
axle drive gear the rear wheels of the automobile make one 
complete revolution. At this rate determine the R.P.M. of the 
drive shaft when the car is running at 30 miles per hour, as¬ 
suming that the outside diameter of the tires on the rear wheel 
remain at 28 inches. 

12. The machine in the 
picture to the right is used 
for slitting sheet metal. It is 
operated by a handle which 
is attached to the driving- 
gear shaft. The driving gear 
has 16 teeth and the larger 
gear has 60 teeth. How many 
turns of the driving gear are 
necessary for one turn of the 
driven gear?* 

‘Answers in these problems will 
lie found on page 396. 
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COMPOUND-GEAR TRAINS 

When Real's arc arranged as shown below, that is, where a 
driving gear is on the same shaft; as a driven gear, the com¬ 
bination is referred tn as ann/xvnul gearing, 



First driven 
gear 


Final driven 


First 
driving gear 


Driving gear- 


Compound-gear drives of this sort are need where it isdesired 
increase or to decrease speeds. They are foundl» the trap* 

mission gearing of an automobile; in gearing 01 mec hanical 
also in the ordinary 8-day clock, and m many other mechanic 

drives, 

COMPOUND-GEAR-TRAIN CALCULATIONS 

In cowpowwd-gear-train calculations »M gears mustt be <xn- 
sidered. How such problems are solved may be eddy unde, 
stood if each step is worked out as m simple, gearmg- 
This is explained in the solution of the following proble 

Example 1 < qqa 

In the compound-gear train illustrated on page 38 ^ 
mine the number of revolutions made by the hnal 
for one revolution of the first driving gear. 
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Driving Gv.ar 



Solution and Explanation: 

As in the previous problems on simple gearing, the 40-tooth 
«ear is the first driven Rear. Its revolutions are calculated 
as follows, 


4 

r x k m x i 
~~ i' ,<>I ftr 


4 


The 120-tooth Rear being fixed to tlu* same shaft as the 
40-tooth Rear likewise turns with, and also makes 4 revolu¬ 
tions, This 120-tooth Rear meshes with the 48-tooth Rear and 
drives it, 

I he revolutions which (his 48-tooth Rear makes while the 
1.20-tooth Rear makes 4 turns is also found in a similar manner 
using the above formula. 


r 


10 

T x K >20 X 
t ° r "48 
¥Z 


10 


That is, the 48-tooth gear, or the final gear, makes 10 turns 
w i e the 120-tooth gear makes 4 turns. During this time, 
however, as above explained, the first driving gear, or the 160- 
tooth gear, has made but one revolution. The, final gear there- 
oie, makes 10 revolutions while the first driving gear makes 
i revolution. 
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This process may lit* very much shortened, however, by 
multiplying the product of the teeth on the driving gears by 
the revolutions of the jirst driver, and then divide that amount 
by the product of the teeth on the driven gears. 


i - 


Expressed as a shop formula this becomes: 
(T X 7\ X’/'. X 7\, etc.) X R 


(h X h X X t t , etc.} 


Revolutions of final 
driven gear. 

The letters in this formula represent the quantities noted 
as follows: 


T, Ti, Tt, 7 3 , etc, = number of teeth on the different driving 
gears 

t, ti, k, k, etc. — number of teeth on the different driven 


gears 

R = number of revolutions of first driving gear 
r — number of revolutions of final driven gear 
t t = symbol to represent the number of teeth 
on the final driven gear 


From the above shop formula the number of teeth T, on 
the first driver in a gear train may also be determined. This 
works out as; 


j._ Prod ne t of teeth oil all driven gears X rev, of final driven gear 
Revolutions of first driver X product of teeth on all other 
drivers 

The formula foe the revolutions R, of the first driver would 
be; 

g __ Produ ct of teeth on all driven gearsX rev, of final driv en gear 
Product of teeth on all drivers 

The formula for the number of teeth l n on the final driven 
gear is : 

Product of teeth on all drivers X revolutions of first driver 

^ Product of teeth on all other driven gears X rev. of final 
driven gear 
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Tl.cs,. formulas arc applied in such problems as the following 
Example 2: 

How many involutions per minute must lie made bv rl 
clnvuiK Rear in the following gear train in order to obtain T 
result, noted? n ™ 



Solution and Explanation! 

In this problem / 04; /, =■-• 3.1; r ---■ 90; T ~ 132; 7\ = 128 

Usmtt these values in the formula for the revolutions R, of 
the first driver, the result becomes; 

k r r m _ 12 

l l\ 132 :< 128 “ u 

I hat is, the first driver makes 12 revolutions per minute. 

Example 3: 

How many teeth on the first driver in the following gear 
train illustrated at the top of page 387? 

Solution and Explanation; 

In this problem / ~ 40; /, 30; h ^ 24; r = 20; 7\ = 80; 

T\ 48; R 1 11,, 
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Using these values in the formula for the number of teeth T, 
in the first driver, there results: 

r t X h X k X r 40 X 36 X 24 X 20 
Ti XT, XR 80 X 48 X If 

That is, there are 120 teeth in the first driver. 

Example 4: 

How many teeth on the last driven gear in the following 
arrangement of gears? 

I50tzzi-h 
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Solution and Explanation: 

In this problem i ~ t‘>2; h - 150; r = 12; T - 90’ T ^ 
'A - 48; A — 72. ' U; 

The figures used in the formula for determining the number 
of teeth //, in the final driven Rear, Rive the following result- 

l { - ZjLTj x :< l i ... hi) X 48 X 72 

I X l| X r ~ 102 X 150 X 12~ ~ 54 

f hat is, there art* 54 teeth in the iimtl driven gear 

SPROCKET AND CHAIN DRIVE 

Sometimes conditions will not. permit the use of either gear 
drive or belt drive. In such cases the power and motion may 
be transmitted by what is known as a sprocket and chain drive. 



Ihe teeLh of a sprocket, also called a sprocket gear or a 
sprocket wheel , project out radially at the rim and are especially 
designed for the purpose t hey serve. They are so arranged as to 
allow a special kind of link hell, or chain, to tit over them as 
illustrated above, connecting tin- driving sprocket with the 
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driven sprocket. A familiar type of sprocket and chain drive 
is seen on the ordinary bicycle. Another type is found on the 
timing chains on automobiles. 


SPROCKET-AND-CHAIN-DRIVE CALCULATIONS 

Calculations relating to sprocket and chain drives are the 
same as those relating to gears that drive direct. Problems 
involving such methods of driving are solved in the same 
manner as those explained on pages 376 and 377 using the 
same formula: T X Jt « / X r. 

In these calculations: 

T -- teeth on driving sprocket 
R — revolutions of driving sprocket 
l = teeth on driven sprocket 
r — revolutions of driven sprocket 
The following problem in chain and sprocket drive illus¬ 
trates how this formula is applied. 

Example: 

On a bicycle, the large sprocket has 24 teeth while the 
smaller one has 10 teeth. IIow many turns will the rear wheel 
make for 5 turns of the large sprocket? 


Solution and Explanation: 

In this problem T <= 24; R — 5; i = 10. 

The formula to use for revolutions of the driven sprocket is 
similar to that for revolutions of a driven gear, and works out 
as follows: 


r 


XR 
t ’• 


or 


24 X 5 
'10 


12 


That is, the rear wheel makes 12 turns for 5 turns of the 
driving sprocket. 


Problems in Compounding Gearing end Sprocket Drives 

1. A bevel gear having 48 teeth and running at 42 R.P.M. 
drives a 36-tooth bevel gear. On one end of the shaft on which 
this 36-tooth gear is located there is also a 75-tooth gear which 
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meshes with a 30-tooth pinion. How many revolutions does 
this pinion gear make per minute? Make a sketch showin 
such an arrangement of gears. ® 

2. The driver in the following gear train makes 80 R.P.M 
Determine the number of teeth on the driven gear. 



3. A familiar style of automobile jack is operated as shows 
in the following gear train. Each time gear {A) makes one 
revolution in the direction indicated the screw moves up \ in. 
How many revolutions of gear {It) are needed to move the 
screw up } in.? 
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4 A belt-driven machine is to be changed over to a silent 

chain drive as illustrated above. The speed of the motor is 
rated at 1140 R.P.M. What size gear must be used on 
motor in order to obtain the results indicated? 

5. What is the R.F.M. of gear (B) in the gear tram asillus- 
trated below? The driving gear (A) makes 80 R.P.M. 


32 hdh 
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24 t,rth QaymJitsr 
\- - Ak 


/\ j (I 

84 teeth j; 4 ];! 

V. 

\ „L V 


■ 


*v,‘ ’ 

T \ - 




Driving 6<?.ar\ 




teeth 


A 


64 teeth 


6. In (In* arrangement above of reducing gears, determine 
Liu; iiuinlier of revolutions made by the driving gear for 4 
revolutions of the final driven gear. 

7. Determine the revolutions made per minute by the 
90-tooth bevel gear in the following gear drive. 
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8. The timing-gear drive 
to the right is typical of that 
on many automobile engines. 

When the crankshaft A is 
turning at 1200 R.P.M. what 
is the R.P.M. of the camshaft 
sprocket B, also the R.P.M. 
of the sprocket C on the 
generator shaft? jjjj|| 

9. The gear train on a lathe set up for screw cutting is 
arranged as follows. During one turn of the screw gear how 
many turns will be made by the spindle gear? 


32 taa.-fh 




10. The young man, William (Bill) Honeman, in the picture 
on page 394, holds a |-mile record as the American Spring 
Bicycle Champion. His time for that distance is Ilf seconds. 
In making such a record how fast must he push his pedals 
if the driving sprocket on his bicycle has 24 teeth, the small 
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sprocket 7 teeth, and tin- rear wheel is 28 in. in diameter? 



tl, I'rom tin 1 following sketch of a compound-gear train 
determine the R.I’.M. of the final driven gear. 



12. (mars on the ends of rolls on a drawing machine are 
arranged as shown in tin 1 thawing on page .105. From this 
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determine the relative increase in speed of the last roll a 
noted.* 


.48 Hzih 1 60fzefh 


40 tezth 


imiii 


42 fee fh 

7 


13. The timing gears on a popular priced automobile are 
arranged as in the following drawing. How many revolutions 
of the small gear are made for 4 revolutions of the larger gear? 


Camshaft sprocket 








Crankshaft 


m 


wmwmmm 


* Answers to these problems will be found on page 396. 
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l\i-n :■< A\!. 

1. .ill St i f h. 

2. '• ftssr; ■. 

3. 1M 

4. 1X2 lev. 

5. ft 5 i(A'. 

6. H irv, 

! , tlir\ .isV !>t ,VjS. 

1. Mil lev. 

2. Rll teeth. 

3. 5.0 n'V. 

4. .U teeth. 

5. 3UI1 r.p.m, 

6. 40 rev. 

7. oft r.p.m. 

Review Problems in Gear Drives 

1, I l»l* lit iVl'l' n|J ! Ilf tfr.tr 

4H R.P.M. Il irlt"-iir<l fh.i! 


7, 72 teeth. 

8, turns. 

9, 21 A, impressions. 

10. /S teeth. 

11. l.Stift r.p.m, 

12. turns, 


8. fttltl r.p.m.; 1680 r.n.m 

9. 4 t in ns. 

10. 2.2ft rev. per sec, 

11. lfttl r.p.m. 

12. Twice that of first roll. 

13. X rev. 


train illustrated below makes 
the ihiwii j.;ear 171) make 180 
this Inivv many teeth should 


R.P.M. In order in ,k• ntupli-h 
there be on neat (/<, .■' 


4H R f'M. 

\ 

\ 


fVv'7/t 


if-Drive)” 

|.O tk & 


t 


" ! 

45 hvJh 


• f. i, 1 

JR, ■■ 



' l i 


150 R.P.M. 



■ \ 

\ OQhith 
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2 In the following gear train calculate the number of revolu¬ 
tions made by the final driven gear for 48 revolutions of the 

first driving gear. 



3. The drive on a standard drill press is arranged as follows: 



2: "S? 

R.P.M. when the belt is moved to step ■ 
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4. Determine the R.P.M. r»f the shaft (A) in the gear train 
as shown in the following sketch. 



5. In the automobile jack shown in the following sketch, 
the lifting screw moves J in. for each turn of the, larger gear, 
How many turns of the handle are needed to raise the screw 
I hi.? 




TAPER turning 


399 


taper turning 

Another job frequently done in machine shops, also wood¬ 
turning and patternmaking shops, is that of turning tapers. 

A piece is said to taper when it has a gradual, or uniform 
difference in thickness or diameter, throughout its length, or 
throughout a portion of its length. It is common shop prac¬ 
tice to refer to this as "taper per inch,” or “taper per foot.” 
As for example, a taper of * in. in the length of 6 in., would be 
referred to as J-in. taper per inch. This might also be expressed 
as taper per foot, which would, of course, be 12 times the taper 
per inch. In this case the taper per foot would be 12 X f in., 


or 1? in. 


The formulas used In calculating such tapers are as follows: 

(L arge dia. — Small dia .) 
length in inches 


Taper per inch = 


, (Large dia. — Small dia.) w 

taper per foot = -— ~r~. — : — r— -- X 12 

length in inches 

By referring to the following drawing of a tapered piece, 
these various quantities may be abbreviated as shown. 



If the large diameter = D, the small diameter = d, and 
the length in inches = L, then the above formulas become 
changed as follows: 

Taper per inch = —p—, and 


D-d 


Taper per foot = —y 


X 12 


These formulas are used in shop practice as illustrated in the 
following problem. 
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Example 1 ■ 


A piece about to lie turned in 
dinirmaoiis. Wh.it is its taper? 


a lathe has the following 



Solution and Explanation: 

Taper per inch ^ 

Applied in the above problem this becomes ^ T.? A1 . 1 

' 16 ' “■ 

iH is ' tlM ‘ l"' r »"«•>> «I»* piece in the above drawing 

It the taper per foot were desired the following formula 
would be used: Taper per foot ^ ^ x 12. 

Applying this tri the above ease the taper per foot would be: 
4 2 

10 12, or 1J. 

1 he above taper expressed in taper per foot therefore would 
be 1 ?■ in. 


h'mm the above formulas the length L, may also be deter¬ 
mined when the taper per inch, or the taper per foot, also the 
Luge diameter /t, and the small diameter <1, are known. 

I he above formulas then become changed to: 

Length in inches ^ “ c 9 ~—. 

taper per inch 

Length in feet su - ,l } - 

taper tier inch X 12 

A practical application of these formulas is as follows. 
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Example 2: 

What must be the length of a piece of stock needed to turn 
a taper per inch of J- in. where the large diameter is 7 in. and 
the small diameter is 5 in.? 

Solution and Explanation: 

Length in inches = ——- - r 

taper per inch 

7 — 5 

According to the above dimensions this equals, —■^—, or 

8 

7 _ g 

— — X y, which, reduced to simple form equals 16. 

That is, the length of this piece in inches Avould be 16 in. 

Should it be desired to determine this taper directly in feet, 
the following formula would be used. 

r . D — d 

Length in feet = --r—-rpr 

taper per inch X 12 

Using the above dimensions in this formula the solution 
becomes: 

y _ ^ g j 

•—i— X 12, or, 2 X it, which equals li. 

V 

The length of this piece expressed in feet, therefore, is 1 § 
ft., which, of course, equals 16 in. as in the above solution. 

In this same manner the large diameter D may be found 
when the taper per inch, the length L in inches, and the small 
diameter d are known. 

' Also, the small diameter d may be found when the large 
diameter D, the taper inch and the length in inches L are 
known. 

The above formulas then become changed as follows. 

Large diameter D = (length in inches L) X (taper per 
inch) + d. 

Small diameter d — D — (length in inches X taper per inch). 
These are applied in such practical cases as the following. 
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Examp!* 3; 

What should he tile 
tong with a taper of ,Y 
2 in.? 


in 


" KV (lia,TU,tt ‘ r a metal piece 18 


■ ,r > Hie inch, and a small diameti 


in, 
:er of 


Solution and Explanation: 

| . I r'" liiU ""'" r " X lapcr per inch) 

. .. 1,1 ll “' “'»>'•'■ nindiliims this works „„ t as W1 

I.ar K ,. ,1,: (is x +. 2 , which ntm to . ' 

1J -f- 2, or 3J. 

^That. is, the large diameter of the above piece should be 

Example 4,- 

Determine the diameter of a tapered roller that measures 

12 in. long with a taper of } in. per inch and a large diameter 
of 6 m, ° LCI 


Solution and Explanation: 

inch)'' 1 !' (iiamr “‘ r f/ = /; “ ( lpn R* inches x taper p er 
1 * ul! - sti luting the numerical values in this formula there 


Small diameter ti 

1 hat is, the small 
3 in. 


6 ~ (12 
diameter 


>1 i)i or, 6 — 3, which equals 3, 
of tile tapered roller above is 


Problems Involving Calculations of Tapers 

1. In turning a piece that measures 0 in, long, what will 
the diameter be at the small end when the large end measures 
2 S m. and the taper is 3 in. to the foot? 

2, A work order issued to a cabinet shop calls for a piece 
° 'nanognny that measures 1} in. in diameter at the small end, 
and 3* in. in diameter at the large end. The taper is specified 
as , m. to the inch, In turning this piece on the lathe it is 
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necessary to add 1 in. to the length of the tapered portion to 
allow for trimming and finishing. How long a piece should 
be cut for this job? 

3. Determine the taper per inch, also the taper per foot, 
on the spindle in the sketch below. 



4. The following drawing for a tapered roller was sent to 
the machine shop. What is the smallest diameter of round 
stock that may be used in making this piece? 



5. Determine the taper per inch, also the taper per foot, 
on a tapered shank that measures 6 in. long and is .750 in. in 
diameter at the large end and .500 in. at the other end. 

6. What is the smallest diameter on the following gauge 
as used for tapered holes? 





404 


applied mathematics 


7. Till- mi'.f-urctnciit on tin- small end of a lathe n Pn t 

sur 

? 

the lent.' th of stork in the tapered 


0.77H in. At a [mint A in. from this .small end the measmlnT '! 
is (1.928 in. What, is the taper per foot of this center? ‘ 


8. Determine 
shown below. 


piece 



( h If tin- taper per foot . 

for tint standard taper pins, . 

such as are Used in fasten- I “ 
mg small nears to shafts, is 
tecominended as being > in. 
to llte font, wh.it should be the measurement of the small end 
of the tapered pin in the drawing above? 




10. 1 he tapered hole in a drill-press spindle measures 
0.875 in, in diameter at a certain point. Three inches farther 
it. measures 0.750 in. From these measurements calculate 
the taper per fool of this hole.* 


HOW TAPERS ARE TURNED 
The Offset Method 

In lathe, work, as practiced in machine shops, tapers are 
turned as a rule, by "setting over” the tailstock, or "offsetting" 
it, a definite amount. 

As illustrated in the sketch on page 405, the amount of the 
"set-over" is indicated by the letter "A'," This equals the 

^Answers lo these problems will !»• found on pane 417. 
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amount the tailstock is moved “out of line’’ from the tme line 
of centers. This movement may be either forward or back¬ 
ward, depending upon the piece being tapered. 


Amo unf of sol-over of tailstock 



by set-over method 

The formulas used in determining the amount of this 
offset relate to two different conditions, which are described 
and illustrated as follows: 

1st condition: Where the piece is tapered throughout its 
entire length. This is illustrated in the drawing below. 



In calculating the offset necessary for turning such pieces 
the following formula is used. 

Offset = §(2? - d), or one half the difference in diameters. 
This formula is applied in such cases as the following. 

Example 1: 

What amount must the tailstock on a lathe be set over in 
order to cut a taper on a piece 5 in. long that measures If in. 
on one end, and If in. on the other end? 
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Solution and Explanation; 


Offset = >(/) _ , 1 ) 


Ah applied tn the above condition this equals, ‘(l- 1 . ; n _ (1 

in.), or J in. That is, tin- tailsio.-k should be set over 1 ;* 
to cut this taper. f n ' 


2nd rnmlitifu: When- the tapered portion does m extend 
below ,,,,Kth ° f UU! ,MU " uly a I« ,rt of >t. as illustrated 



lit determining the tailstnrk offset for turning suc h tapers 
as those iibove, the total length of the piece must be used in 
the calculation. 

The shop formula for this is: 


Offset-| X 


(P ,/) 


'tapered length in huhesX (length of piece in inches), 
or, substitution the above letters: 


Offset: | X ■ T - X (/.); which is also, & X (taper per 

inch) X (L). 

When the taper per foot is given instead of the taper per inch, 
this formula becomes changed to: 

Offset - i x - la »»!r.pcrfont , 

12 

This same formula is also used in calculating tapers of pieces 
that are turned on mandrels, or arbors . The length of the arbor 
them becomes the length, L, m the above formula. How these 
formulas are used is illustrated in the following problems, 
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Example 2: 

ITow much should the tailstock of a lathe be set over to 
turn the taper on the nozzle in the following drawing? 



Solution and Explanation; 

Setover = J X - - -— ~ —r—:— X length of piece 

tapered length m inches 

in inches. 

Using this in the above problem, the result works out as: 

(2 — IT 

| X - —^—- X 6; or, | X J X 6; which equals 
That is, the tailstock must be set over f in. for this job. 

Example 3: 

Determine the amount the tailstock on a lathe must be 
set over in order to cut the taper on the following piece, 



Solution and Explanation; 

Offset = 1 X - S? ~r l - . — r— X (length in inches) 

* tapered length in inches 
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Applying this In (In* al inve conditions the result works outas' 

5 ' ,, l2 ' (,r 1 '< ia which equals J in, 

This indicates that the tailslnck should he set over | l n 
Example 4: 

What should he the offset of the Lailstoek on a lathe i n 
turning a spindle 2 ft, long, having a taper of} in, to the foot? 


Solution and Explanation: 

, taper per foot „ ... 

Offset ~ X - p X (length m inches). 

Using this rule in the above problem the result becomes: 

1 


2 X U X 241 ° r 2 


X 


4 X 12 


2 X 24, which reduces to | in, 


Accordingly, the offset for turning this taper is l in. 

Example 5: 

A bearing 2 in. long that is to lie tapered, is placed on a 
6-in. arbor. The large diameter of (lit; bearing is to be 2| in. 
while the small diameter is to lie 21 in. Mow much should 
the offset be? 


Solution and Explanation: 


Offset = i 
inches). 


X 


(/> •“ </) .. 

tapered length in inches 


X (length of arbor in 


Using the above formula, with the length of the arbor sub¬ 
stituted for L the length of the piece., the problem is solved as 
follows: 

(ox __ 0*) 

% X ------— --- x 6; which reduces to, 1 x J X 1 X r, or A in. 


In turning the above taper the lailstoek should be offset Ain- 


Turning Tapers By Use of a Taper Attachment 

While the “offset method" of turning a taper on a lathe is 
more generally used, some lathes are, however, equipped with 
a special device for this [impose, known as a "taper attach- 
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merit." The use of this makes taper turning rather simple, as 
it avoids having to move the tailstock off center. With this 
device one need only know the amount of the taper per foot 
or the taper per inch. The attachment is then set at that 
amount and it guides the cutting tool at the proper angle as 
the taper is being turned. 



The following problem Illustrates the calculations involved 
in the use of this,attachment. 

Example: 

The handle in the drawing below is to be turned on a 
machine-shop lathe equipped with a taper attachment indi¬ 
cating taper per foot. How should this attachment be set 
in order to turn the tapered portion? 
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Solution and Explanation: 

Si,,r,i tl "' attnchnu'iit is to ho user! in the turning of 
the tapered portion of this handle, it. is necessary only to deter 
mine the amount of the taper per foot of that portion, which 
in this case measures 3 in. in length. 


The formula for this is: Taper per foot = -- . jl. x 12 

Substituting the various values in this the result becomes, 
Taper per font - - ( * ~T. >" ) x 12 jjwhich works out as follows; 


d" * or A x * X 1 i’ ) , which reduces to in. 


That is, the taper per foot: is 1J in. This is also the amount 
that the taper attachment should he set at in turning the 
tapered portion in the handle. 


Problems Involving Calculations Relating to Taper Turning 

1. It is desired to turn an arbor 12 in. long as per the 
dimensions in the. drawing below. Determine the setover 
of the tails!ock. 



2. What is the amount of tailstock offset needed to turn 
a tapered piece that measures 4 in. long? The large end is to 
be 1 in. in diameter and the small end is to be J in. in diameter. 

3. Find the offset of tailstock needed to turn a piece 9 in. 
long having a taper of l in. per foot. 

4. How much should the tailstock be moved off center to 
permit the machinist to turn a tapered piece 4 in. long so that 
the small diameter will be in. and the large diameter 1$ in. 
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\y tK I vim ™ " 

, A ta percd bearing is to be turned on a mandrel as illus- 
Jed below. What is the setting for tins job if done 
lathe having a taper attachment 



for this? , , 

7. The pulley s ketc ^ ed this^ob’the^pulley is forced 

* the r tur h ned °b a lathe ' Calculate 

the amount of offset necessary for this job. 



8. Calculate the setover of thepiece that 
order to turn a taper of 0.37 h in. P 
measures 8 in. long- 
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<K 1 determine tlu* taper per font on the: following lath, 
renter. In turning this taper what would he the setting nf 
taper attac hment? b ine 



10. Determine the amount of offset necessary to turn the 
taper on the brass spindle as shown below. If this were done 
on a lathe having a taper attachment what would be the 
setting? 



11, At what amount should the taper attachment be set in 
turning the taper on the spindle shown below? What is the 
taper per inch? 
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12. Calculate the taper 
per foot of the piece in 
the drawing to the right. 
If this is cut on a 9-in. 
mandrel for taper turn¬ 
ing, what is the amount 
that the tailstock is set 
over? 



13. What is the taper per foot on the following plug gauge? 
How much is the tailstock set over in turning this taper? 



14. In order to turn the crown on the 3-in. pulley as illus¬ 
trated, it is mounted on a 9-in. mandrel. Calculate the taper 
per foot also the amount of tailstock setover needed in turn¬ 
ing the taper. 



a 
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15. ( alculute tin: taper pr.*r fool 
If turned liy setting over (ailstnck, 
over amount In? 


on the following pj ece 
how much would this set- 



16. An 8-in. mandrel is used in turning the taper on the 
following piece. Calculate the amount of the setting on the 
taper attachment. 



17. Determine the amount of tailstock selover needed in 
turning each of the following tapers. 



IK, A special milling-machine arbor 20 in. long is tapered 
S| in. on one end with a taper of 0.600 in. to the foot. How 
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much must the lathe tailstock be set over in order to turn 
this taper? 

19. Determine the taper per foot in the following lathe 
center. What sctover is necessary in turning this taper if 
made from a piece of stack 5 in. long? 



20. In order to turn the taper on the small crank illustrated 
below, what should be the setting of the taper attachment on 
the lathe used for this job? 



21. With a taper per foot of .750 in., what would be the set- 
over required to make a tapered shank on a piece in. long? 

22. A plug gauge having tapers on each end as shown below 
is required for a special job. What is the setting of the taper 
attachment required in each case? What is the smallest diam¬ 
eter stock that can be used in making this gauge? 


L 

s 

<0 

'O 

f 


Jn 

<0 . 

-Ur 




Taper fpar ft 

mmmd. 


/" 


-44 


~S 

& 

<o 
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23. A taper nf > in. to the foot is required on the end of a 
special shafting iff j„. long. How much should the tailstock 
be set, over ill order in rut this taper? 

24. What is the taper per foot on a piece 4 i„. [, mg measur _ 
‘I’K "WO ill. diameter on the small end and .580 in. diameter on 
the other end? If this taper were to he turned by offsetting 
(lie tailstock, what would be the amount of this offset? 

25. A lathe center having a taper of .600 in. per foot is to 
be turned by the offset method. The length of the stock used 
for this joh is 5 in. What is the tailstock offset needed in 
turning this taper?* 


’Answers to these problems will In 1 found on page 417. 
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ANSWERS TO PROBLEMS 

Pages 402 to 404. 


1. 1 in. 

2. 17 in. 

3. | in.; If in. 

4 . If in. 

5 . .0417 in. per in.; f in. per loot. 


6 . 1 in. 

7 . .600 in. 

8 . 3| in. 

9 . .208 in. dia. 
10 . .500 in. 


Pages 410 to 416. 

1. fin. 10 . -f in.; 2 in. 18 . f in. 

2 . fin. 11 . If in.; | in. 19 . .600 in.; .125 in. 

3 . fV in. 12 . If in; in. 20 . 2 in. 

4 . f in. 13 . 3 in.; -f in. 21 . f-J in. 

5 . 2 in. 14 . If in.; A in. 22 . If in.; f in.; in. 

6 . fin. 15 . 2 in.; fin. 23 . fV in. 

7 . ru in. 16 . 2f-in. _ 24 . f in. 

8 . | in. 17 . § in.; & in. 25 . fin. 

9 . .600 in. 


Review Problems Involving Tapers 

1. What is wrong with the following drawing? How would 
you correct it? 



2. How would the taper attachment be set on a lathe to 
turn the taper as specified in the following drawing? 
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A In nr»li*r to turn a tapir of in. to the inch on the end 
nf a piece X how much should the tSl J 

h *‘ M '.' ' 11 ,,UH J ,,h on a lathe having a tl? 

wh;U '* *'*•■ »■«!„« of this attachment? 

JnK.'!r,'. . .. " i " , '" ilUlsl "'“in.h e 



A A Lithe renter whirl, is (n he made from a piece of steel 

6 .‘ . ,S U ! h ‘ ,v, ‘ a u I M ’ r ,,f - s,)n ”>• to tin* font. How much 
Hmuhl the tail,stock he ollVet in order to turn this taper? 

6. What is the smallest diameter stock that can be used in 
tui nm^ the follow ini; pieoo. J 



7 . How much does the pin in (he following drawing taper? 
Ilmv would this he expressed in taper per foot? 




SUMMARY 

Tables 


and 

Formulas 



Summary ©f Tables and Formulas 


Linear Measure 


12 inches (in.) (") 
3 feet 
S j- yards 
320 rods 
1 meter (m.) 


= 1 foot (ft.) (') 

= 1 yard (yd.) = 36 in. 

- 1 rod (rd.) = 16| ft. = 198 in, 

= 1 mile (mi.) = 1,760 yd. = 5,280 ft. 
= 39.37 inches = 3.28 ft. = 1.09 yd. 


Square or Surface Measure 

4 “ -j n ) (g ") = i square foot (sq. ft.) 

1 square yard (sq. yd.) = 1,296 sq. in. 
■ 1 square rod (sq. rd.) = 272sq. ft. 
1 acre (A) =4,840 sq. yd. = 43,560 sq. 

1 square mile (sq. mi.) = 102,400 i 

rrl = 


144 square inches (sq. 

9 square feet = 1 
30| square yards 
160 square rods 
640 acres 


1 square meter 


rd. 

400 sq 


.j. y\i.' —sq. ft. 
mile (sq. mi.) = 102,400 sq. 
3,097,600 sq. yd. = 27,878,- 
i. ft. 


Cubic Measure 

1728 cubic inches (cu. in.) = 
27 cubic feet = 

1 cubic meter = 

Avoirdupois Weight 

16 ounces (oz.) = 

100 pounds = 

20 hundredweight = 

2,240 pounds = 


= 1 cubic foot (cu. ft.) 

= 1 cubic yard (cu. yd.) 

= 1.308 cu. yd. = 35.314 cu. ft. 


1 pound (lb.) 

1 hundredweight (cwt.) 

1 ton (T) = 2,000 pounds 
1 long ton 


Dry Measure 

2 pints (pt.) 

8 quarts 
4 pecks 
1 bushel 
1 bushel corn 
1 bushel potatoes 
1 bushel wheat 
U. S. dry quart 


1 quart (qt.) 

1 peck (pk.) = 16 pt. 

1 bushel (bu.) =32 qt. = 64 pt. 
2150.4 (cu. in.), 1.244 or \\ (cu. ft.) 
56 lb. 

60 lb. 

60 lb. 
cu. in. 

421 
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I.tijuu! Men'are 


4 frills 
2 pints 
4 quarts 
.41 j' gallons 
2 Parrels 

1 gallon 
7.4K gallons 
H. K. liquid quart 
l gallon water 
1 gallon gasoline 
1 K*dItJii linseed oil 


I pint, ([it.) 

1 quart (qt..) 

1 gallon (gal.) = 8 pt. 

1 laurel (Mil.) = 126 qt. = 252 pt. 
1 hogshead (Mid.) —• 63 gal. = 252 
qt. 51)4 pt. 

231 eti. in. nr .134 cu. ft. 

1 j'tt. ft. ur 7^ gal. approx. 
j 57, ru. in. 

8.54 Ih. or 8 J lb. approx. 

6.32 II., 

7.84 lit. 


A rets s 

Square 

Area 


a x a 



T 

Rectangle 
^ Area • a x b 



1 

b -J 


'] 

1 


Hollow Rectangle 
Area cross section 

- (a >; b) — (d x c) 




.1 


Channels 

Area of channel 

- (a X b) -I- (<; X d) + (e X /) 


I sections 

Area of I section 

; (« ■< >0 -}•■ (r Y. d) 4- (r X f) 



6 — 
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Circumference — 3.1416 X D 
%D = tt2 R 

Circumference 
3.1416 


Diameter = D = 


Area = 3.1416 or 

3.1416 R 2 

= .7854 ID X D) or .7854 D 

r\h(\£. er'llTTl 



Volume of sphere , n 

— .5236 X -D X 17 X P,or ,5236it 
Area of surface of sphere 
= Dia. X circumference 


3 



= .7854 (D X D) - -7854 {d X d) 
= .7854 (L> 2 - d 2 ) 


Side of largest square 


inside given circle 



Diameter of circle 


that will just enclose square 
D = 1.414 X a 
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Equal-sided, or equilateral, triangle* 
All Hides equal 
a =■--= M6 X b 


An*a 


.8(56 X h x_h 
2 



Largest circle within equilateral triangle 
I) « ,5774 x h 
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Hexagon 
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Diameter of Circle that will just enclose a hexagon, 
Diameter = D = 2b = 1.155d 


Volumes, or Cubic Measure 

Volume of cylinder = Area of circular base X height 
Volume of sphere — D 3 X 0.5236 


Gallons in cylinder 


Areaofbaseinsq.in. Xheight in inches; 
231 


. Area of base in sq. ft. X height in feet; 

also, -7i3r~- 

or, Area of base in sq. ft, X height in feet X 7.48 

Weight of water in a tank = Volume of tank in cubic feet 
X 62.425 

Weight of iron castings as made from pine patterns without 
cores equals weight of wood pattern X 16 

Weight of iron castings as made from mahogany patterns 
without cores equals weight of pattern X 12 

Weight of timbers = Volume in cubic feet X weight per 
cubic foot 

Weight of building materials = Volume in cubic feet X 
weight per cu. ft. 
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II "eights nf materials ( approximate) 


Aluminum. 

Birch. 

Brass. 

Brick (commont. 

Brickwork (ordinary), . 

Bronze... 

Chestnut.. . 

Copper. 

Concrete. 

Earth (packed). 

Granite.. 

Gravel. 

Hemlock. 

Hickory. 

Ice. 

Iron (cast). 

Iron (wrought). 

Lead. 

Limestone. 

Mahogany. 

Maple. 

Oak (white). 

Oak (red). 

Pine (southern, yellow) 

Pine (white). 

Sand..... . 

Spruce. 

Snow. 

Steel. 

Walnut. 

Water. 

Water (sea).. 

Zinc.. 


0.09 

lb. 

per 

cu. in, 

40. 

lb. 

per 

cu, ft. 

0.30 

lb. 

per 

cu.in. 

112. 

lb. 

per 

cu, ft. 

112. 

lb. 

per 

cu. ft. 

0.32 

lb. 

per 

cu. in. 

37. 

lb. 

per 

cu. ft. 

0,32 

lb. 

per 

cu. in. 

ISO, ' 

lb. 

per 

cu. ft. 

100. 

lb. 

per 

cu. ft. 

166. 

lb. 

per 

cu. ft. 

110. 

lb. 

per 

cu. ft, 

25, 

lb. 

per 

cu. ft. 

50. 

lb. 

per 

cu. ft. 

58.7 

lb. 

per 

cu. ft. 

.26 

lb. 

per 

cu. in. 

.28 

lb. 

per 

cu. in. 

.41 

lb. 

per 

cu. in. 

168. 

lb. 

per 

cu. ft. 

56. 

lb. 

per 

cu. ft. 

44, 

lb. 

per 

cu. ft. 

50. 

lb. 

per 

cu. ft. 

47. 

lb. 

per 

cu. ft. 

40. 

lb. 

per 

cu. ft. 

30. 

lb. 

per 

cu. ft. 

100. 

lb. 

per 

cu. ft. 

28. 

lb. 

per 

cu. ft. 

8.5 

lb. 

per 

cu. ft. 

,28 

lb. 

per 

cu. in. 

40. 

lb. 

per 

cu. ft. 

62.425 lb. 

per 

cu. ft. 

64. 

lb. 

per 

cu. ft. 

.26 

lb. 

per 

cu. in. 


Speeds 

Surface speed of pulley, in feet per minute = Circumference 
of pulley in feet X R.I’.M. 


Circumference in feet = 


Surface speed in feet per minute 
R.P.AL 


R.I’.M. 


Surface speed in feet per minute 
Circumference in feet 
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Catting speed of circular saws bar,d saws, swing saws = 
C 1 S.“cS'ofOe'S - Conference in feet of piece 
be &SrsOd R o&ingXls = Circumference of wheel 
“ 

laps. 


Tapers 


^ (-P ~ A ) 


Taper per inch i eng th in inches 

{B — d) _ v y) 

Taper per foot - j n inches 

Tailstock setover for taper turning 

. fleneth of piece X taperperjoot) 

= 2 -12 

(p _ d) x len gth of piece 
~ 2 ” taperedlength 

Screw Threads 

1 in. _ 

Pitch = Tlireads per inch 1 

Number of threads per inch = p-^ 

For “V” thread: 

Depth = Pitch X .866 

.866 


Number threads per inch 


.866 


■ OOU 

Root diameter = Dia. of screw 2 X t h rea ds per inch 
= Dia. of screw - 2 X Pitch X .866 

For American National threads. 

Depth = Pitch X .6495 
.6495 


~ Number threads per inch 


.6495 


,04:VJ __ 

Root diameter = Dia. of screw — 2 X breads per inch 
_ -ni. nf screw - (2 X Pitch X .6495) 
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Tnjf-lbitl Sizes 
For "Y" thread: 

~ Dia. of screw - (Pitch X 1,3) 

=; I )ia. of screw — - - 

threads per inch 

For American National threads both coarse and fine: 

~ I >ia. of screw ~ (Pilch X ,97) 

- 1 )ia, of screw — • ' *—-—. 

t ft reads per inch 


Bolts (iml .Xuls [Roiiqh) 

Ilt'-Vili'/HI hcntl hulls 

Distance across flat 1 side -- \\ dia, of bolt reduced to six¬ 
teenths of an inch 

Distance across corners 1.155 X distance across flats 
I hi(Jciu*.ss of hex nut r - Jdui, of bolt reduced to nearest 
sixty-fourth of an inch 

I hicktiess of hex head : ^ dia. bolt reduced to nearest 
sixty-fourth of an inch 

Square head hulls 

Distance across Hat side ; - 1.} dia, of bolt reduced to six¬ 
teenths of an inch 

Distance across corners -.-1,414 X dist. across Hat sides 

thickness of square nut : - $ dia. of bolt reduced to nearest 
sixty-fourth of an inch 

Thickness of square head -- \ dia. of bolt reduced to nearest 
sixty-fourth of an inch 
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AMERICAN STANDARD REGULAR BOLTS AND NUTS 


Hexagon and Square (Rough) 


Dia. 

Threads 

/t cross 

Thickness 

of Dolt 

per Inch 

Flats 

Head 

Nut 

X 

4 

20 

a ^ 

8 

tt 

A 

A 

18 

h 

« 

a 

t 

16 

A 

t 

ft 

A 

14 

* 

ti 

3 

8 

t 

13 

3 i 

4 

tt 

A 

A 

12 

* 

3 

8 

1 

K 

s 

11 

if 

ft 

35 

Ti 

a 

10 

it 

t 

it 

t 

9 

1* 

H 

ft 

t 

l 

8 

it 

-it 

It 

7 

lit 

3 

4 

i 

14 

7 

it 

U 

l* 

1* 

6 

2* 

it 

i« 

if 

6 

2J 

l 

1A 

It 

54 

2* 

» 

ift 

11 

5 

2! 

H 

lit 

H 

5 

2& 

U 

itt 

2 

4* 

3 

m 

it 


TAP-DRILL SIZES* 

American National Coarse Threads—(N.C.) 


Thread 

Diameter 

Threads 
per In. 

Dio, o/ 

Thread 

Diameter 

Threads 
per In.. 

Dia. of 
Tap Drill 

1 

4 

20 

ti 

1 

8 

1 

8 

A , 

18 

T 

i A 

8 

a 

3 

¥ 

16 

A 

H 

7 

fi 

A 

14 

44 

i* 

7 

i* 

I 

13 

ft 

it 

7 


9 

12 

is 

32 

i* 

7 

144 ■ 

B 

8 

11 

U 

if 

6 

1A 

it 

11 

H 

it 

6 

1 H 

i '5T 

i 

10 

■¥4 

it 

54 

!A 

it 

10 

44 

if 

5 

1 35 

f 

9 

» 

it 

5 

lfi 

it 

9 


2 

44 

1 25 
* 3T 


*By 64ths of an inch, and for 75% of a full thread. 
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TAP-DRILL SIZES* 

American National Fine Thread (N.F.) 


Dm. * 

nf .St me 

Tlnh. 
per In. 

Ihu. of 

T,ip Drill 

i 

hi, i. 

of Strew 

This, 
per In. 

Ilia, of 
Tap Drill 

4 

2H 

Jii 

H 

18 

A 

■33 

A 

24 

U 

n 

la 

16 

* 

24 

31 

14 

4 

16 

n 

A 

>11 

a 

B 

7 

14 

■n 

* 

H 

2(1 

18 

A 

L 

1 

14 

tj 


TAP-DRILL SIZES FOR "V" THREADS* 


Thread 

Diameter 

Threads 
per In. 

Via. of 
Tap Drill 

Thread 

Diameter 

Threads 
per In. 

77ra. o/ 
Tap Drill 

i 

4 

2(1 

A 

1 

8 

M 

■h 

18 

u 

1 u 

8 

H 

i 

16 

u 

11 

7 

tt 

A j 

14 

Ji 

■ft 

7 

l 

1 

12 

3$ 

11 

7 

1* 

A 

12 

H 

«A 

7 

11 

S 

11 

S 

i» 

6 

i* 

ti 

11 

A 

li 

6 

1A 

i 

1(1 

M 

i; 

5 

Hi 

31 

10 

as 

i! 

S 

Hi 

1 

6 

v\ 

Vi 

U 

41 

Hi 

[S 

6 

9'J 

2 

41 

131 


Diameter 
of Screw \ 

Threads 
per Inch 

CAP SCREWS 

| Hexagonal Head \ 

Tillister Head 

Distance. 
Across Hals 

Thickness 
of Head 

Diameter 
of Head 

Thickness 
of Head 

i 

20 

A 

A 

I 

A 

A 

18 

1 

15 

A 

i 

1 

36 

A 

A 

A 

A 

A 

14 

a 

« 

5 

0 

1 

i 

13 

s 

2 

J 

13 


*By 64 (lut of an inch, and for 75 f ". of n full thread. 
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WEIGHTS OF SHEET STEEL AND IRON 


Number of 
Gauge 

Approx. 
Thickness 
in Inches 

Weight per Square Foot 

Galvanised 

Iron 

Black 

Iron 

Black 

Steel 

10 

.138 

5.781 

5,625 

5.737 

11 


5.156 

5.000 

5,100 

12 

.107 

4.531 

4,375 

4.462 

13 

.092 

3.906 

3.750 

3.825 

14 

.077 

3.281 

3.125 

3.156 

15 

.069 

2.969 

2.812 

2.869 

16 


2.656 

2.50 

2.550 

17 

.055 

2.406 

2.25 

2.295 

IS 


2.156 

2.00 

2.040 

19 

.044 

1.906 

1.75 

1.785 

20 

.037 

1.656 

1.50 

1.530 

21 

.034 

1.531 

1.375 

1.402 

22 

.031 

1.406 

1.25 

1.275 

23 

.028 

1.281 

1.125 

1.147 

24 

.025 

1.156 

1.00 

1.020 

25 

.022 

1.031 

.875 

.892 

26 

.019 

.906 

.75 

.765 

27 

.017 

.844 

.687 

.701 

28 

.016 

.781 

.625 

.637 

29 

.014 

.719 

.562 

.574 

30 

.012 

.656 

.5 

.510 


WEIGHTS OF FLAT SIZES OF STEEL IN POUNDS PER LINEAR FOOT 


Thick¬ 

ness 

Width of Stock 

1 

3 

3 

f 

1 

11 

11 

n 

2 

£ 

.213 

.320 

.426 

.530 

.640 

.745 

.850 

A 

.319 

.480 

.639 

,790 

.960 

1.12 

1.28 

£ 

.425 

.640 

.852 

1.05 

1.28 

1,49 

1.70 

A 

.531 

.800 

1.06 

1.33 

1.60 

1,86 

2.13 

I 

.638 

,960 

1.28 

1.59 

1.91 

2.23 

2.55 

A 

.744 

1.12 

1,49 

1.86 

2.23 

2.60 

2.98 

1 


1.28 

1.70 

2.13 

2.55 

2.98 

3.40 

A 


1.44 

1.91 

2.39 

2.87 

3.35 

3.83 

£ 


1.60 

2.12 

2.66 

3.19 

3.72 

4.26 



1,76 

2.34 

2.92 

3.51 

4,09 

4.68 

j 



2.55 

3.19 

3.83 

4.46 

5.10 

H. 



2.76 

3.45 

4.14 

4.83 

5.53 

} 



2.98 

3,72 

4.46 

5.21 

5.96 

If 



3.19 

3.98 

4.78 

5.58 

6.38 

1 




4.25 

5.10 

5.96 

6.80 




























applied mathematics 

WEIGHTS OF STEEL PER LINEAR FOOT 



WEIGHTS OF EQUIVALENT SIZES OF OTHER STOCKS 

V 'i*' 1 iTmixi; iht* weights i.r ci|uivalenl sizes and sharxis of Iron md* 
(millml;* the weights of the respective sizes in steel by: 1 .( 106 . 1 

f Hie weights <if c*i|uiv.ilenl sizes ami shapes of Brass rods 

multiply the weights of the respective sizes in steel by; 1 , 072 . ' 

i, • i" t ' , ‘ u ‘ r, »ine the '^''h'lns of cipiivalcnt sizes and shapes cif Cobber rods 
nuilltply the weights of the respective sizes in steel by: 1,1.11. * 1 

. ' ' ‘-JViir.r tl,e w' iK r l V f «'*M*iv.tl.-rtt sizes and shapes of Aluminum 
1 *** »»MHiply tin. wuiglilH of llit! irsjujclivi* in .site! by: 0 . 328 . 


NUMBER OF WORDS PER SQUARE INCH OF PRINTED MATTER 

.Vue Type Approximate No. 

12-point solid. 

12-point leaded .11 

11-pniiil solid. y, 

1 l-point leaded. U 

10-point solid. 21 

Kl-lhiint, leaded. 16 

V-jminl solid. 90 

P-[Kiirit leaded. ,!!!.' 21 

fl-point solid. ’ .. 32 

8-|K»jul leaded.. ’ ’ ’ ’'' j 33 

7 -jxziui solid .| . gg 

7 -point leaded. ’ 27 

6-piiinl solid .. ryj 

6-point leaded .. . . ] \ 34 
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DECIMAL EQUIVALENTS OF FRACTIONAL PARTS OF ONE INCH 


«h 

.015625 

u 

.515625 

A 

.031250 

H 

.53125ft 

A 

.046875 

u 

.546875 

is 

.062500 

A 

.562500 

A 

.078125 

a 

.578125 

A 

.093750 

tt 

.593750 

ii 

.109375 

if 

.609375 

\ 

.125000 

■i 

,625000 

A 

.140625 

if 

.640625 

A 

.156250 

ft 

.656250 

tt 

.171875 

H 

.671875 

A 

,187500 

ii 

16 

.687500 

H 

.203125 

if 

.703125 

A 

.218750 

If 

.718750 

H 

.234375 

ti 

.734375 

1 

.250000 

i 

.750000 

tt 

.265625 

If 

.765625 

A 

.281250 

25 

,781250 

tt 

.296875 

ti 

.796875 

A 

.312500 

if 

,812500 

vi 

.328125 

if 

.828125 

H 

W 

,343750 

If 

.843750 

.359375 

M 

.859375 

! 

.375000 

1 

.875000 

2 S 

HT 

.390625 

if 

.890625 


.406250 

If 

.906250 

ri 

.421875 

if 

.921875 

A 

.437500 

if 

.937500 

ap 

•flit 

,453125 

li 

.953125 

IB. 

as 

it 

vi 

.468750 

ff 

.968750 

.484375 

fin 

34 

,984375 

1 

2 

.500000 

i 

1.000000 
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LUMBER TABLE 


Board-Foot Measure of Standard Sixes for Given Lengths 





Index 


Addition, o£ decimals, 74; of mixed 
numbers, 16; of similar fractions, 
16; of units of length, 161 
American National thread, 343 
Angles, 207 

Areas and circumferences of circles, 
table of, 434 
Areas, formulas for, 422 
Avoirdupois weight, 421 

Belting, 331; length of belt in coil, 
334; length of open-style, 331 
Belts, connecting pulleys, 322 
Board measure, 187-200 
Bolts and nuts, table of, 428; U. S. 

Standard, 362 
Brickwork, 234 


Cylinder, 223 

Cylinders, volumes of, 274 s 

Decimal equivalents of fractional 
parts of one inch, table of, 433 
Decimal fractions, 69-108 
Decimals, addition of, 74; changed 
to fractions, 102; division of, 94; 
fractions changed to, 101; multipli¬ 
cation of, 88; subtraction of, 80 
Denominator, 4 
Dimensional symbols, 349 
Dimensions, in drawings, 8 
Division, of decimals, 94; of fractions, 
58; of mixed numbers, 58; of units 
of measure, 179 

Dry measure, 302; table of, 421 


Calculations, compound-gear-train, 

383; gear drive, 371; gear-train, 
376; sprocket and chain-drive, 389; 
tap-drill, 353 
Cancellation, 54 
Cap screws, table of, 430 
Chain drive, with sprocket, 388 
Changing, decimals to fractions, 102, 
fractions to decimals, 101; fractions 
to per cent form, 132; per cent to 
fractional form, 127 
Channels, formula for, 422 
Circle, 210; formula for, 423 


Common factor, S 

Common units of square measure, 218 
Compound-gear-tram calculations, 383 
Compound-gear trains, 383 
Cubes, volumes of, 272 
Cubic measure, 267-307; fonnula f m, 
425; how determined, 267; table 
of, 421 

Cutting speeds, 312 


Efficiencies, determining, 135 
Ellipse, 211; formula for, 424 
Equivalent fractions, 13 

Factor, common, 8 
Factoring, 7-9 
Flat surfaces, irregular, 212 
Formulas, of shop, 311 
Fractions, 3-66; changed to decimals, 
101; changed to per cent form, 132; 
changing decimals to, 102; decimal, 
69; definition, 3; division of, 58, 
equivalent, 13; improper, 4; multi¬ 
plication of, 51; proper, 4; reduc¬ 
tion of, 7-15; subtraction of, 32 
Fractional form in per cent, 127 

Gear drive, 370] calculations, 371 
Gear-train calculations, 376 
Gear trains, simple, 375 

Hexagon, iormula for, 425 


435 



436 


INDEX 


Hollow rectangular solids, 270 

Improper fr.it linns, 4 
Irregular flat Mirfatrs, 212 
Irregular forms, volume* of, 2H2 
"I" sections, formulas for, 423 

Lathing, 2.U 

Least common denominator, 20 
Linear measure, 145-184; table of, 421 
Liquid measure, 298; (able of, 422 
Lumber, table of board-foot meas¬ 
ure, 444 

Lumber terms, 190 

Materials, weights of, 270 
Measure, board, 187; cubir, 267; dry, 
402; linear, 145; liquid, 2<)8; paper, 
251; square, 204; type, 251 
Measurements, subtraction of. ln.S 
Mixed numbers, 5; addition of, 15; 
division of, SK; multiplication of, 
51; subtraction of, 48 
Money, 111-120 

Multiplication, of decimals, 88; of 
fractions, 51; of mixed numbers, 51 
Multiplying units of measure, 172 

National coarse threads, table of, 4J!> 
Numbers, mixed, 5 . ' •• ** r ' 
Numerator, 4 

Nuts and bolts, U. S, Standard, 4o2 

Painting, 243 
Paperhanging, 244 
Paper measure, 251 
Parallelogram, 204 
Percentage, 124-142 
Per cent, changed to fractional form, 
127; form of fractions, 142; lmw 
to determine, 144 
Plastering, 242 

Printed words per page, table, of, 442 

Printing, 251 

Prisms, volume of, 272 

Profits, determining, 145 

Proper fractions, 4 

Pulleys connected by belts, 422 


Ratings, determining, 145 
Rectangle, 204 

Rectangular solids, hollow, 279 
Reduction of fractions, 7-15 
Regular solids, volumes of, 271 
Review problems, 15, 49, 65, 86, 107 
119, 141, 158, 170, 182, 198, 22a! 
261, 295, 400, 440, 467, 396, 417 

Screw threads, 341; formula for, 427 
Shingling, 247 
Shop formulas, 411-418 
Similar fractions, addition of, 16 
Simple gear trains, 475 
Solids, surface areas of, 221 
Speeds, cutting, 412; formula for, 
42o; surface, 412 
Spheres, volumes of, 275 
Sprocket and chain drive, 388; calcu¬ 
lations, 389 
Square, 204 

Square measure, 204-263; applied to 
various trades, 231; common units 
of, 218; table, of, 421 
Square thread, 343 
Subtraction, of decimals, 80; of frac¬ 
tions, 32; of measurements, 165; 
of mixed numbers, 38 
Summary, tables and formulas, 421 
Surface areas of solids, 221 
Surface speeds, 312 
Symbols, dimensional, 349 

Tap-drill calculations, 353 
Tap-drill sizes, for threads, 429, 430; 

table of, 428 
Taper attachment, 408 
Taper turning, 399 
Tapers, formula for, 427; how turned, 
404 

Terms, lumber, 190 

Thread, American National, 343; 

square, 344; "V,” 343 
Threads, of screws, 341 
Trades, square measure in, 231 
Trapezoid, 206 

Triangle, 208; formula for, 424; 

various shapes of, 208 
Type measure, 251 



INDEX 


437 


Units of length, addition of, 161 
Units of measure, division of, 179; 

multiplication of, 172 
U. S. Standard bolts and nuts, 362; 
table of, 429 

Volumes, formula for, 425; ot cubes, 
272; of cylinders, 274; of irregular 
forms, 282; of prisms, 272; of 
regular solids, 271; of spheres, 275 
“V” thread, 343 


Weights of flat sizes of steel in pounds 
per linear foot, 431 

Weights of materials, 270; table 
of, 426 

Weights, of sheet steel and iron, 431; 
of sizes of stock, 432; of steel per 
linear foot, 432 

Whole numbers, addition to frac¬ 
tion, 16 



